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FOREWORD 

Coal is the chief energy resource of the world today and for the fore- 
seeable future. With escalating world energy needs and rapidly depleting 
petroleum resources, coal's share of the world energy mix will continue to 
increase. Coal is already the primary source of fuel for electrical-power 
generation in the United States. 

Coal undoubtedly constitutes the most important resource in Alaska's 
energy future. Alaska's total coal resources are estimated at between 5.5 
and 6.0 trillion short tons, over half of which are of bituminous rank. The 
total energy equivalency (in Btu) of the coal in Alaska surmounts by many 
magnitudes that present in all the oil that ultimately will flow from the 
State. The energy equivalency of Alaska's bituminous coal resources alone 
are estimated at over 1000 Prudhoe Bays (original recoverable reserves of 
about 10 billion barrels). 

Because of Alaska's vast resources of coal, it promises to become an 
important coal-mining and export center for the next decade and for the 21st 
century. The potential for coal development in Alaska is unlimited, and its 
strategic position on the northern Pacific Rim places it in the center of 
projected expanding coal-trade routes. In fact, Alaska is closer to Far East 
markets than Australia, Canada, or South Africa. 

Alaska's resources of very low sulfur coal guarantee to make it an 
important future source of low-sulfur fuel on the Pacific Rim. The low- 
sulfur content of Alaska's coal (less than 0.5 percent) is one of its chief 
attractions. The environmental significance of low-sulfur coal is great, and 
its importance will increase dramatically in the future. The environmental 
problems inherent to the mining, preparation, and utilization of high-sulfur 
coal can be avoided by the use of very low sulfur Alaskan coals. 

The content of sulfur in Alaskan coals on average is about half that of 
the lowest-sulfur coals of the contiguous United States. Alaska's coals are 
uniquely low in the acid-producing, pyritic form of sulfur that causes 
acid-mine drainage in other regions of the United States. Alaska's lower 
mean annual temperatures and local relative aridity act to reduce the oxida- 
tion effects on Alaska's coals when exposed to the environment. 

Because of their very low sulfur content, Alaska coals have resultant 
low emissions of sulfur-oxide (SO ) pollution. Most of Alaska's coals meet 
the U.S. Environmental P r o t e c t i ~ n ~ ~ ~ e o c ~ ' ~  emission standards (1.2 lbs S02/MM 
Btu) for direct combustion. Because nitrogen contents are also low, the 
combined low emissions of SO and NOx gases during combustion make Alaska's 
coals among the environmentaly safest in the world. Alaska's high-rank 
coals also possess good ash-fusion characteristics, and low moisture and 
metallic trace-element contents. 

Alaska's coals have already been mined for 130 years. If this long 
history of coal development proves one thing, it proves that coal mining can 
exist in harmony with the unique Alaskan environment. The Usibelli Coal 
Nine, located near Healy in interior Alaska, has shown unequivocally by its 



long-s tand ing  e f f i c i e n c y  and r e v o l u t i o n a r y  l a n d - r e s t o r a t i o n  programs t h a t  
c o a l  mining can be  c a r r i e d  on i n  Alaska w i t h  bo th  economic s u c c e s s  and 
env i ronmenta l  r e s t r a i n t .  A s  c o a l  mining i n c r e a s e s  i n  t h e  S t a t e ,  Alaska h a s  
t h e  o p p o r t u n i t y  t o  s e r v e  a s  a  model f o r  mining e f f i c i e n c y  and prudent  land-  
r e s t o r a t i o n  p r a c t i c e s  i n  A r c t i c  and S u b a r c t i c  r e g i o n s .  Today, Alaska c o a l  i s  
po i sed  on t h e  b r i n k ,  ready t o  b u r s t  i n t o  t h e  world coal-market  a r e n a  i n  a  
ma j o r  way. 



INTRODUCTION 

Alaska has abundant resources of coal that are estimated to total 
between five and six trillion tons. These resources are widely distributed 
across the State and are found in nearly all areas (fig. 1). The resources 
are comprised almost equally of high- and low-rank coals. This report 
summarizes known information about the high-rank coals, which are found to 
some extent in all the major coal provinces of the State. 

It is estimated that as much as 55 percent of Alaska's total coal 
resources---approximately 3 trillion tons---is of bituminous rank (fig. 2). 
These deposits are predominantly located on Alaska's North Slope, but impor- 
tant resources are also found in the Matanuska, Bering River, Chignik, and 
Herendeen Bay fields (fig. 3). Most bituminous coal in Alaska formed in the 
Cretaceous Period between 65 and 140 million years ago as a result of heat 
and pressure generated during times of strong structural deformation. The 
remaining bituminous coals formed in the Tertiary Period. The potential for 
large yet undiscovered deposits of high-rank coal in Alaska is great. 

Alaska contains at least minor resources of all high ranks of coal, 
including semianthracite, anthracite, and meta-anthracite (table 1). These 
coals are generally classified according to their volatile matter and fixed 
carbon contents (table 2). Although the bituminous ranks are abundant in 
Alaska, anthracitic coals are minor (less than 1 percent of the total). 
Tertiary-age anthracitic coals are found in the eastern parts of the 
Matanuska and Bering River fields, and Mississippian-age anthracitic coals 
are found in northern Alaska. 

Identified and hypothetical resources of high-rank coal in Alaska that 
show the highest potential for near-term development are summarized in table 
3, and measured resources are shown in figure 4. Possible development 
projects of Alaskan high-rank coals are listed in table 4. 

Almost all of Alaska's bituminous coals are low sulfur (less than 
1 percent), and they exhibit coking characteristics ranging from poor to 
excellent. Potential coking and metallurgical-grade coals are found in the 
(1) Chickaloon district, Matanuska field; (2) Western Arctic region, espe- 
cially at Kukpowruk River; (3) Bering River field; (4) Chignik and Herendeen 
Bay fields, Alaska Peninsula; (5) Lisburne field; and (6) Lower Yukon 
basin---Nulato field. 

Early studies of Alaska's high-rank coals concerned whether they were 
suitable for blacksmithing purposes or for use by steamships. As many as 20 
coal mines operated in Alaska in 1910, and altogether more than 60 mines have 
operated and closed in Alaska (Conwell and Triplehorn, 1981). Over seven 
million tons of bituminous coal has been mined in Alaska, mostly from the 
Matanuska field prior to 1968. 

NORTHERN ALASKA PROVINCE 

The Northern Alaska coal province on the North Slope of Alaska probably 
holds as much as 4.0 trillion tons of coal including resources within the 
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Figure 1. Map of Alaska's coal resources (modified from Merritt and Hawley, 
1986) .  
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Figure 2. Percentages of  Alaska's coal r e s o u r c e s  by rank. 
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Table 1.  Ranks of bituminous coal and anthracite. 

Rank Abbreviation 

Meta-anthracite 
Anthracite 
Semianthracite 
Low-volatile bituminous 
Medium-volatile bituminous 
High-volatile A bituminous 
High-volatile B bituminous 
High-volatile C bituminous 

ma 
an 
sa 
lvb 
mvb 
hvAb 
hvBb 
hvCb 

Table 2. Ranges in volatile-matter and fixed-carbon contents in coal as per 
ASTM. 

Volatile Matter (%) Fixed Carbon (%) Rank 

>98 Meta-anthracite 
>92; <98  Anthracite 
; 8 6 ,  <92  Semianthracite 
; 7 8 ,  <86  Low-volatile bituminous 
2 6 9 ,  < 7 8  Medium-volatile bituminous 

<69 High-volatile bituminous 

Table 3. Estimated identified and hypothetical resources of Alaskan 
high-rank coals for areas considered in detail in this report. 

Area Identified Hypothetical 

Deadfall Syncline 
Cape Beaufort 
Kukpowruk River 
Chignik 
Bering River 
Herendeen Bay 
Wishbone Hill 
Chickaloon 
Anthracite Ridge 



F i g u r e  4 .  E s t i m a t e d  measured r e s o u r c e s  o f  A laskan  h igh - rank  coa l .  
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Table  4. Cur ren t  development p r o j e c t s  of Alaskan high-rank c o a l .  

Company ~ o c a t i o n / P r o j e c t  

Union P a c i f i c  Resources /  
Idemi t su  Kosan 

Wishbone H i l l ,  Matanuska F i e l d  

A r c t i c  Slope Regional  Corpora t ion  Western A r c t i c  Coal Development P r o j e c t  

Morgan Coal Company Kukpowruk River  

Chugach Alaska Corpora t ion  Korean-Alaska Development Corpora t ion  
P r o j e c t ,  Ber ing River  F i e l d  

B r i s t o l  Bay Nat ive  C o r p o r a t i o n  Chignik  F i e l d ,  Alaska P e n i n s u l a  

N a t i o n a l  Pet roleum Reserve of Alaska (NPRA) and b o t h  e a s t  and west  of i t  
( f i g .  5 ) .  A s  e a r l y  a s  1976, T a i l l e u r  and BrosgA e s t i m a t e d  t o t a l  North Slope 
c o a l  r e s o u r c e s  a s  h i g h  a s  3.35 t r i l l i o n  t o n s .  More r e c e n t  e s t i m a t e s  p l a c e  
h y p o t h e t i c a l  r e s o u r c e s  even h i g h e r  and t o t a l  i d e n t i f i e d  r e s o u r c e s  a t  abou t  
150 b i l l i o n  t o n s .  Approximately 60 p e r c e n t  of North Slope c o a l  is  e s t i m a t e d  
t o  be  of  b i tuminous  rank  w i t h  t e n  p e r c e n t  o r  more of t h e  s t r a t i g r a p h i c  
s e c t i o n  i n  some w e l l s  composed of c o a l .  

I n  g e n e r a l ,  h a l f  o r  more of t h e  c o a l  r e s o u r c e s  on t h e  North Slope l i e  on 
f e d e r a l  l a n d s  of t h e  N a t i o n a l  Pet roleum Reserve  i n  Alaska (NPRA). Substan- 
t i a l  i n t e r e s t s  i n  t h e  h i g h  p r i o r i t y  coal-development l a n d s  a r e  h e l d  by t h e  
A r c t i c  Slope Regional  Corpora t ion .  

The l a r g e  r e s o u r c e s  of North Slope c o a l  w i l l  undoubtedly  s p u r  develop-  
ment i n  t h e  f u t u r e .  Although t h e  c o a l s  a r e  amenable t o  e i t h e r  s u r f a c e  o r  
underground mechanized mining,  much depends on t h e  a c t u a l  t o t a l  r e s o u r c e s  of 
coking c o a l .  The c o a l s  may be t r a n s p o r t e d  t o  a p a r t i a l l y  o r  whol ly  i c e - f r e e  
p o r t  on t h e  w e s t e r n  North Slope.  Another p o s s i b i l i t y  i s  t h e  t r a n s p o r t a t i o n  
of t h e  c o a l  a s  a  w a t e r  o r  o i l  s l u r r y  a f t e r  t h e  peak o i l  p r o d u c t i o n  p e r i o d .  
The c o a l s  may a l s o  be  used l o c a l l y  i n  t h e  metal-mining i n d u s t r y  o r  f o r  
mine-mouth power p l a n t s .  

A r c t i c  F o o t h i l l s '  Subprovince 

The bi tuminous  c o a l s  of n o r t h e r n  Alaska occur  w i t h i n  t h e  A r c t i c  
~ o o t h i l l s '  subprov ince  n o r t h  of t h e  Brooks Range ( f i g .  5) and predominant ly  
w e s t  of t h e  I t k i l l i k  and lower C o l v i l l e  R i v e r s ,  a  broad upland r e g i o n  of 
d i s s e c t e d  r o l l i n g  h i l l s  s o u t h  of t h e  n e a r l y  f l a t  A r c t i c  C o a s t a l  P l a i n  sub- 
p rov ince .  The b e l t  of b i tuminous  coa l -bea r ing  rocks  e x t e n d s  eas tward  from 
Cape L i sburne  t o  149' l o n g i t u d e ,  c h i e f l y  between l a t i t u d e s  69' and 70'. It  
i n c l u d e s  a n  e x t e n s i v e  a r e a  of i n a d e q u a t e l y  known c o a l  f i e l d s .  

Although t h e  Corwin Formation of t h e  e a r l y  t o  l a t e  Cre taceous  Nanushuk 
Group c o n t a i n s  most of t h e  b i tuminous  c o a l s ,  t h e  Chandler and Niakogon 
Format ions  of  t h e  same group and t h e  La te  Cre taceous  C o l v i l l e  Group a l s o  
c o n t a i n  b i tuminous  c o a l s  ( F i g .  6 ) .  In te rbedded  w i t h  t h e  numerous c o a l  seams 



Subbituminous coal, 
Northern Field 

Bituminous coal, 
Northern Field 

Bituminous coal, 
Lisburne Fieid 

F i g u r e  5. D i s t r i b u t i o n  and e x t e n t  of c o a l - b e a r i n g  rocks  of n o r t h e r n  Alaska 
showing c o a l  r ank  and t h i c k n e s s  of t h e  Nanushuk Group (modif ied  from 
Bird  and Andrews, 1 9 7 9 ) .  



Marine rocks of the 
Colville Group 

Continental rocks of the 
Colville Group 

MUine rocks of the 
Nmushuk Group 

Continental rocks of the 
Nanushuk Group 

Lower Cretaceous mrrine roch 
(Nanushuk Group and Torok 
Formation undifferentiated) - Contact 

LOCATION YAP 

Figure 6. Geologic map of northwestern Alaska showing the distribution and extent of Nanushuk Group and Colville 
Group continental coal-bearing rocks (from Callahan and Martin, 1981; after Beikman, 1978). 



a r e  s a n d s t o n e s ,  c l a y s t o n e s ,  s i l t s t o n e s ,  and carbonaceous  s h a l e s .  The i n t e r -  
tonguing mar ine  and nonmarine coa l -bea r ing  r o c k s  of t h e  A r c t i c  F o o t h i l l s '  
subprov ince  formed i n  a  p rograd ing  d e l t a i c  d e p o s i t i o n a l  sys tem i n  a  swampy 
c o a s t a l  lowland.  

The g e o l o g i c  s t r u c t u r e  i s  r e l a t i v e l y  s i m p l e ,  o v e r a l l  c o n s i s t i n g  of  a  
s e r i e s  of eas t -west  t r e n d i n g  a n t i c l i n e s  and s y n c l i n e s .  The s y n c l i n e s  c o n t a i n  
abundant c o a l  d e p o s i t s .  The coa l -bea r ing  s t r a t a  a r e  f l a t - l y i n g  t o  g e n t l y  
d i p p i n g  (10' t o  20'). 

Coal  t h i c k n e s s e s  i n  measured o u t c r o p s  range t o  14.5 f t .  Although seams 
l e s s  t h a n  5 - f t  t h i c k  a r e  c h a r a c t e r i s t i c ,  10- f t  t h i c k  beds  a r e  common and 
seams g r e a t e r  than  20-f t  t h i c k  have been recorded  i n  t e s t  w e l l s .  About 60 
p e r c e n t  of t h e  c o a l  beds  a r e  o v e r  3 .5 - f t  t h i c k .  

The the rmal  v a l u e  of t h e  c o a l  o v e r a l l  r a n g e s  from 9,300-13,500 B t u / l b .  
S u l f u r  r a n g e s  from 0 .1  - 0.7  p e r c e n t .  Mois tu re  c o n t e n t  i s  low, r a n g i n g  from 
2-7 p e r c e n t .  Although a s h  v a r i e s  from 2-25 p e r c e n t ,  i t  h a s  a n  average  
c o n t e n t  a t  t h e  low end of t h e  s c a l e .  V o l a t i l e  m a t t e r  r anges  from 31-36 
p e r c e n t  and f i x e d  carbon from 53-58 p e r c e n t .  Some c o a l  i s  of cok ing  q u a l i t y .  

Western A r c t i c  Region 

The Western A r c t i c  r e g i o n  wes t  o f  NPRA may c o n t a i n  up t o  1 .0  t r i l l i o n  
t o n s  of  c o a l .  Between 150 and 200 c o a l  beds  have been c o r r e l a t e d  i n  t h e  
Corwin Formation o f  t h e  Western A r c t i c  ( f i g .  7 ) .  The Corwin Formation 
c o r r e l a t e s  w i t h  t h e  Chandler Formation t o  t h e  e a s t .  

The c o a l s  of  t h e  Western A r c t i c  were f i r s t  exp lo red  by t h e  Beechey 
e x p e d i t i o n  of  1826-27. A.J.  C o l l i e r  made t h e  f i r s t  g e o l o g i c  r e c o n n a i s s a n c e  
of  c o a s t a l  d e p o s i t s  s o u t h  of Cape Beaufor t  i n  1904. K a i s e r  Eng ineers  per-  
formed d e t a i l e d  mining and economic e v a l u a t i o n s  of Western A r c t i c  c o a l  from 
1970-77. Subsequen t ly ,  t h e  S t a t e  of Alaska and North  Slope Borough performed 
e x t e n s i v e  e x p l o r a t i o n  and pre-development s i t e  i n v e s t i g a t i o n s  of t h e  c o a l  
d e p o s i t s  a t  Cape Beaufor t  and D e a d f a l l  S y n c l i n e .  

Tab les  5  and 6  summarize t h e  g e n e r a l  q u a l i t y  and p e t r o l o g y  of  c o a l s  of 
t h e  Cape B e a u f o r t ,  D e a d f a l l  S y n c l i n e ,  and Kukpowruk River  a r e a s .  F i g u r e  8 
shows t r e n d s  i n  c o a l  p e t r o l o g i c  d a t a  f o r  t h e  Western A r c t i c  r e g i o n .  

The t o t a l  r e s o u r c e s  of s t r i p p i n g  c o a l  i n  t h e  Western A r c t i c  r e g i o n  have 
n o t  been c l e a r l y  d e f i n e d .  A t  a  minimum, 125 m i l l i o n  s h o r t  t o n s  of c o a l  
r e s e r v e s  a r e  s t r i p p a b l e  r e s o u r c e s  amenable t o  modern mechanized mining and 
o t h e r  s t r i p p a b l e  r e s o u r c e s  can be d e f i n e d  w i t h  f u r t h e r  e x p l o r a t i o n .  Abundant 
a d d i t i o n a l  r e s o u r c e s  can be developed by underground mining methods. The 
c o a l  r e s o u r c e s  of t h e  Western A r c t i c  r e g i o n  a r e  summarized i n  tab1.e 7 .  

Cape Beaufor t  

Cape Beaufor t  i s  one of t h e  a r e a s  of t h e  Western A r c t i c  r e g i o n  t h a t  
shows h i g h  p o t e n t i a l  f o r  near-term development.  The c o a l s  of t h e  Cape 
Beaufor t  a r e a  occur  i n  t h e  Liz-A s y n c l i n e ,  l o c a t e d  j u s t  i n l a n d  from t h e  



F i g u r e  7. Genera l  s t r a t i g r a p h i c  nomencla ture  and c o r r e l a t i o n  diagram f o r  t h e  
coa l -bea r ing  Nanushuk and C o l v i l l e  Groups, n o r t h e r n  Alaska (from 
Ahlbrandt  and o t h e r s ,  1979).  The dominant ly  nonmarine u n i t s  a r e  
s t i p p l e d .  
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Table  5 .  Comparison of t h e  q u a l i t y  pa ramete r s  of Cape Beaufor t ,  D e a d f a l l  
S y n c l i n e ,  and Kukpowruk River  c o a l s ,  Western A r c t i c  r e g i o n .  

Parameter  Cape Beaufor t  D e a d f a l l  S y n c l i n e  Kukpowruk River  

A.  Rank: - hvAb-hvCb hvAb -hvCb hvAb-hvCb 

B .  Heat ing v a l u e  ( B t u l l b ) :  9,100-12,700 10,900-13,200 11,900-14,100 
(mean 12,300) (mean 12,900) (mean 13,800) 

C. Mean-maximum v i t r i n i t e  
r e f l e c t a n c e  (Romax, 2 ) :  0.70 0.70 0.73 

D .  Proximate  a n a l y s i s :  

Mois tu re  2.5-7 
(4 .5)  

V o l a t i l e  m a t t e r  22-33 
(29.7) 

Fixed carbon 37-55 
(46.8) 

Ash 8-27 
(16.0) 

E .  U l t ima te  a n a l y s i s :  

Carbon 

Hydrogen 

Ni t rogen  

Oxygen 

S u l f u r  

Ash 

F. Major-oxide composi t ion 
of a s h  (avg.  , %) : 

CaO 



Table 5 (con.) 

Parameter Cape Beaufort Deadfall Syncline Kukpowruk River 

S03 

2'5 
MnO 

Unde t . 
G. Trace elements in coal 

ash (avg., %):  - 
Boron 
Chromium 
Cobalt 
Copper 
Ga 11 ium 
Lead 
Molybdenum 
Nickel 
Silver 
Tin 
Vanadium 
Zinc 
Zirconium 

H. Trace elements in raw 
coals (avg . , ppm) : 
Boron 
Chromium 
Cobalt 
Copper 
Gallium 
Lead 
Molybdenum 
Nickel 
Silver 
Tin 
Vanadium 
Zinc 
Zirconium 



Table 5 (con.) 

Parameter Cape Beaufort Deadfall Syncline Kukpowruk River 

I. Fusibility of ash (reducing 
atmosphere, temperature OF) : 

Initial deformation 2320  2093  2 0 4 0  
Softening 2410  2143 2110  
Fluid 2520  2 189  2390  

J. Free swelling index: 

K. Hardgrove grindability index: 58 5 6 7 0 

L. Coking potential: Increases with Similar to Significant 
depth; coal Cape Beaufort coking 
from 200-ft coals properties; 
shows pronounced generally 
coking charac- soft-coking 
teristics. 



Table 6. Comparison of the average distribution of macerals in Cape Beaufort, 
Deadfall Syncline, and Kukpowruk River coals, Western Arctic region 
(volume, mmf-basis %; modified from Rao and Smith, 1983). 

Maceral Cape Beauf ort Deadfall Syncline Kukpowruk River 

Vitrinite 
Pseudovitrinite 
Gelinite 
Phlobaphinite 
Pseudophlobaphinite 
Sporinit e 
Resini t e 
Cutinite 
Alginite 
Exsudatinite 
Thick cutinite 
Suberinite 
Other liptinite 
Fusini te 
Semif us ini t e 
Macrini te 
Globular macrinite 
Inertodetrinite 
Sclerotinite 

Table 7. Summary of the coal resources of the Cape Beaufort, Deadfall 
Syncline, and Kukpowruk River areas of the Western Arctic. 

Coal resources 
(millions of short tons; overburden 0-3000 ft) 
Measured Identified Hypothetical 

Cape Beaufort 4 5 390 1,700 

Deadfall Syncline 6 0 500 5,000 

Kukpowruk River 20 275 1,200 



Chukchi Sea c o a s t  ( f i g .  9 ) .  The s y n c l i n e  h a s  an a r e a  of a lmost  30 square  
m i l e s  and e x h i b i t s  common d i p s  from 15' t o  40'. Beds range t o  9 - f t  t h i c k  i n  
o u t c r o p s  ( f i g .  10) and t o  17-f t  t h i c k  i n  d r i l l  h o l e s .  More than  20 beds have 
been c o r r e l a t e d .  

D r i l l  samples from a  dep th  o f  200 f t  have h i g h e r  h e a t i n g  v a l u e s  and 
pronounced coking c h a r a c t e r i s t i c s .  Coking p r o p e r t i e s  i n c r e a s e  a t  d e p t h  s i n c e  
none of t h e  s u r f a c e  samples show coking p r o p e r t i e s .  Cal lahan and S loan  
(1976) r e p o r t e d  a  range of f r e e - s w e l l i n g  indexes  (FSI) from 0.5  - 6 .1  and an 
average  FSI of 2.0 i n  47 Cape Beaufor t  samples.  Rao (1980) r e p o r t e d  a  
s i m i l a r  FSI range of 0-6.1 and a n  average  of 2.1 i n  30 Cape Beaufor t  samples.  

A r c t i c  Slope Consu l t ing  Engineers  (1984) found t h e  fo l lowing  ranges  i n  
c o a l - q u a l i t y  c r i t e r i a  based on f o u r  seams i n  t h e  Cape Beaufor t  p r o j e c t  a r e a :  
h e a t i n g  v a l u e s  from 9,100-12,300 B t u / l b ,  a sh  c o n t e n t s  from 8-27 p e r c e n t ,  
m o i s t u r e  c o n t e n t s  from 4-6 p e r c e n t ,  and ranks  of h igh  v o l a t i l e  A b i tuminous 
o r  h igh v o l a t i l e  B b i tuminous.  They c i t e d  r e s e r v e s  a t  t h e  fo l lowing  
s t r i p p i n g  r a t i o s :  22.5 m i l l i o n  t o n s  a t  a  10 t o  1  s t r i p p i n g  r a t i o ,  13.5 
m i l l i o n  t o n s  a t  a  7  t o  1 s t r i p p i n g  r a t i o ,  and 8 .1  m i l l i o n  t o n s  a t  a  5  t o  1 
s t r i p p i n g  r a t i o .  A d d i t i o n a l  p r o j e c t e d  s t r i p p a b l e  r e s o u r c e s  were e s t i m a t e d  a t  
25 m i l l i o n  t o n s .  

S e v e r a l  s p e c i f i c  mining b l o c k s  o r  u n i t s  can be d e f i n e d  w i t h i n  t h e  Cape 
Beaufor t  a r e a .  The c o a l s  of t h e  Cape Beaufor t  a r e a  a r e  p r i m a r i l y  l o c a t e d  on 
A r c t i c  Slope Regional  Corpora t ion  l a n d s  ( f i g .  11) .  

D e a d f a l l  Sync l ine  

The D e a d f a l l  Sync l ine  i s  l o c a t e d  about  6 m i  e a s t  of t h e  Chukchi Sea 
( f i g .  9) The Cretaceous  bi tuminous c o a l s  of t h e  D e a d f a l l  Sync l ine  e x h i b i t  
d i p s  from 0' t o  20' ( f i g .  12) and t h i c k n e s s e s  rang ing  from 4.5 t o  13 f t .  
Denton and o t h e r s  (1987) e s t i m a t e d  t o t a l  i n d i c a t e d  c o a l  r e s e r v e s  of t h e  
D e a d f a l l  Sync l ine  p r o j e c t  a r e a  a t  58 m i l l i o n  s h o r t  t o n s .  A r c t i c  Slope 
Consu l t ing  Engineers  (1984) c i t e d  t h e  fo l lowing  r e s e r v e  f i g u r e s  a t  s p e c i f i e d  
s t r i p p i n g  r a t i o s :  15.8 m i l l i o n  t o n s  a t  a  10 t o  1 s t r i p p i n g  r a t i o ,  7.8 
m i l l i o n  t o n s  a t  a  7  t o  1 s t r i p p i n g  r a t i o ,  and 4 .0  m i l l i o n  t o n s  a t  a  5  t o  1 
s t r i p p i n g  r a t i o .  

Based on a v e r a g e s  of seven  seams i n  t h e  D e a d f a l l  Sync l ine  p r o j e c t  a r e a ,  
t h e  f o l l o w i n g  g e n e r a l  r anges  i n  c o a l - q u a l i t y  c r i t e r i a  were noted:  h e a t i n g  
v a l u e s  from 10,900-13,200 B t u / l b ,  a s h  c o n t e n t s  from 5.5 t o  22 p e r c e n t ,  
m o i s t u r e  c o n t e n t s  from 2.5 - 8.0  p e r c e n t ,  and a  rank  of h igh  v o l a t i l e  B 
b i tuminous o r  h igh  v o l a t i l e  C b i tuminous ( A r c t i c  Slope Consu l t ing  Engineers ,  
1984).  Although o u t c r o p  samples show f r e e - s w e l l i n g  indexes  of 0,  t h e  swel l -  
i n g  p r o p e r t i e s  o f  c o a l s  i n c r e a s e  w i t h  d e p t h  (Cal lahan and S loan ,  1976).  

Access t o  t h e  D e a d f a l l  Sync l ine  c o a l  d e p o s i t s  was examined by t h e  
Western A r c t i c  Coal Development P r o j e c t .  It is  expected t h a t  a  5.4-mi long  
h a u l  road would be b u i l t  t o  connect  t h e  mine s i t e  w i t h  a  marine  p o r t  f a c i l i t y  
and b e r t h i n g  a r e a  f o r  ba rge  t r a f f i c .  A 2,800 f t  l e a d - i n  channe l  and a  
t u r n i n g  b a s i n  i n  Omalik Lagoon would be dredged t o  an o p e r a t i o n a l  dep th  of 13 



F i g u r e  9 .  Impor tan t  b i tuminous  coa l -bea r ing  a r e a s  and s t r u c t u r a l  f e a t u r e s  of 
t h e  Western A r c t i c  r e g i o n  (modif ied  from Chapman and S a b l e ,  1960).  
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Figure  10. Sampling a t l l i c k  c o a l  bed  n o r t h  o f  Cape B e a u f o r t ,  Western A r c t i c  
r e g i o n ,  1981. (Photo ccurtesy of  P . G .  Rao, U n i v e r s i t y  of Alaska ,  M I R L . )  



Figure 11. Location of Arctic Slope Regional Corporation lands in the Western 
Arctic region of the Northern Alaska coal field (modified from Arctic 
Slope Consulting Engineers, 1986). 
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Figure  12.  Geologic map and c r o s s  s e c t i o n  of t h e  D e a d f a l l  S y n c l i n e ,  Western 
A r c t i c  r e g i o n  (modif ied from Cal lahan  and Eakins ,  1987 and A r c t i c  Slope 
Consu l t ing  Engineers ,  1986).  



f t .  Coal would be s tockp i l ed  a t  the  barge loading f a c i l i t y  f o r  shipment 
during the  ice- f ree  season. Coal f o r  export  would most l i k e l y  have t o  be 
t ranspor ted  t o  a  s epa ra t e  ice- f ree  po r t  f a c i l i t y  wi th  a  l a r g e  s t o c k p i l e  
capac i ty  and a  harbor pe rmi t t i ng  the  ber th ing  and loading of bu lk  c a r r i e r s .  
Large-volume shipments from anywhere i n  t he  Western Arc t i c  would probably 
follow a  s i m i l a r  p lan  un le s s  a  long-distance r a i l  l i n e  was completed t o  the 
region. 

Kukpowruk River 

The Kukpowruk River a r ea  of t he  Western A r c t i c  region occupies some 
20-30 square mi les  a t  the  west end of the  Howard Syncline i n  t he  nor thern  
A r c t i c  F o o t h i l l s '  subprovince ( f i g .  9) .  Although c o a l s  a r e  exposed f o r  25 m i  
o r  more along the  lower Kukpowruk River ,  t he  p r i o r i t y  a r e a  f o r  development 
l i e s  28 m i  south-southeast of Poin t  Lay, the  nea re s t  permanently inhabi ted  
community, and 14 m i  d i r e c t l y  e a s t  of t he  Chukchi Sea coas t .  Kotzebue i s  
loca t ed  170 m i  due south.  The a r e a  conta ins  the  t h i c k e s t  i d e n t i f i e d  outcrop- 
ping seam i n  the  reg ion ,  a  22-ft t h i c k  bed ( f i g  13).  Above the  t h i c k  seam 
a r e  12 o the r  beds from 1-9 f t  t h i ck .  A s  many a s  40 beds from 1.5 - 13 f t  
t h i c k  crop out  a long the  lower Kukpowruk River.  

The Kukpowruk River a r ea  has witnessed a  g r e a t  amount of explora t ion  
a c t i v i t y  and some minor l o c a l  production. Morgan Coal Company f i r s t  explored 
the coking c o a l  on the  Kukpowruk River i n  1954 by d r iv ing  a  70 f t  tunnel  i n  
the  over 20-ft t h i c k  bed. The company s t i l l  holds  a  U.S. Bureau of Mines 
preference r i g h t  c o a l  l e a s e  on 5,000 a c r e s  i n  t he  a r ea .  Union Carbide 
inves t iga t ed  the  Kukpowruk River coking c o a l  i n  1961-63. 

The Kukpowruk River bituminous c o a l s  a r e  low-ash and low-sulfur and 
predominantly h igh-vola t i le  A o r  B. The 22-ft bed has s i g n i f i c a n t  coking 
p r o p e r t i e s  and i s  gene ra l ly  soft-coking. I t  has a  f ree-swell ing index of 
4.5. Other average coa l -qua l i ty  c r i t e r i a  f o r  t he  seam a r e :  moisture content  
2.8 percent ,  v o l a t i l e  matter  35.2 percent ,  f ixed  carbon 58.5 pe rcen t ,  ash 3.5 
percent ,  s u l f u r  0.25 percent ,  and hea t ing  value 13,860 Btul lb.  

Dips i n  outcrops range from 0' t o  near  v e r t i c a l ;  the main seam a t  
Kukpowruk River d i p s  a t  15' ( f i g ,  14) .  S t r ippab le  c o a l  resources  i n  t he  a r ea  
of t he  main seam a r e  es t imated  a t  20 m i l l i o n  tons  and i n f e r r e d  resources  a t  
100 m i l l i o n  tons.  Tota l  es t imated resources  a r e  over 3  b i l l i o n  s h o r t  tons.  

Other than  the  l e a s e  of Morgan Coal Company, c o a l  r i g h t s  a r e  held by the  
Arc t i c  Slope Regional Corporation. 

Other Regions 

Chuckchi Sea 

Coals of the  Northern Alaska c o a l  province extend o f f sho re  beneath the  
Chukchi Sea. Deeply bur ied  coa l  u n d e r l i e s  some 10,000 square miles .  There 
a r e  ex tens ive  depos i t s  of Cretaceous bituminous coa l s  t h a t  may hold p o t e n t i a l  
f o r  l i q u e f a c t i o n  o r  g a s i f i c a t i o n  (McGee and OIConnor, 1974). 



Figure 13. Twenty-it ~ ~ L L L  coal seam at Kukpowruk River ,  Western Arctic 
r e g i i . ? .  i t  i l o to  by G.R. Eakins, 1982). 
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F i g u r e  1 4 .  Typical c r o s s  sections i n  Kukpowruk R i v e r  area of Western Arctic 
region (from Knutson, 1981). 
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Corwin Bluff  

Corwin Bluf f  i s  l o c a t e d  on t h e  nor thwes t  Alaska A r c t i c  Slope 25 m i  e a s t  
of Cape L i sburne  and 35 m i  wes t  of Cape Beaufor t .  Whaling s h i p s  and U.S. 
Revenue c u t t e r s  s t a r t e d  u s i n g  c o a l  from t h e  Corwin Bluf f  mines  i n  1879. Coal 
was produced from s e v e r a l  d i f f e r e n t  beds  i n  Corwin B l u f f .  Cap ta in  C.L. 
Hooper took  on 20 t o n s  of  c o a l  f o r  h i s  s h i p  t h e  Corwin a t  t h e  s o - c a l l e d  
Corwin Mine i n  1881. I n  1888-89 c o a l  from t h e  T h e t i s  Mine was s u p p l i e d  t o  
t h e  U.S. Revenue c u t t e r  T h e t i s .  I n  1900-01, o v e r  1 ,000 t o n s  o f  c o a l  were 
e x t r a c t e d  from t h e  mines a t  Corwin Bluf f  and shipped t o  Nome. Other  smal l -  
s c a l e  mines (Alaska Development Company, A r c t i c  Development Company, and 
Corwin Trad ing  Company) a l o n g  t h e  Corwin Bluff  a l s o  e x t r a c t e d  c o a l  f o r  
sh ipboard  use .  

The type  l o c a l i t y  of  t h e  L a t e  Cre taceous  Corwin Formation of  t h e  
Nanushuk Group i s  a t  Corwin B l u f f ,  where 80 o r  more c o a l  beds  o v e r  1 - f t  t h i c k  
a r e  exposed; 17 beds  a r e  between 2.5 and 9.0 f t  t h i c k .  The beds  g e n e r a l l y  
d i p  from 30" t o  45' ( f i g .  1 5 ) .  

A n a l y s i s  of  t h e  c o a l s  y i e l d s  t h e  f o l l o w i n g  a v e r a g e  v a l u e s :  m o i s t u r e  3-6 
p e r c e n t ,  v o l a t i l e  m a t t e r  28-41 p e r c e n t ,  f i x e d  carbon 47-58 p e r c e n t ,  a s h  4-12 
p e r c e n t ,  and a  f r e e - s w e l l i n g  index  of 1.5.  Table  8  summarizes a v e r a g e  
p e t r o l o g i c  composi t ion d a t a  f o r  Corwin Bluf f  c o a l  samples.  

N a t i o n a l  Pet roleum Reserve  i n  Alaska (NPRA) 

Half o r  more of t h e  c o a l  r e s o u r c e s  of n o r t h e r n  Alaska a r e  l o c a t e d  on 
f e d e r a l  l a n d  of  t h e  NPRA. Mar t in  and Ca l l ahan  (1978) c i t e d  a t  l e a s t  28 
b i l l i o n  s h o r t  t o n s  of i d e n t i f i e d  subeconomic bi tuminous  c o a l  r e s o u r c e s  i n  
beds  o v e r  14-in t h i c k  t o  a  d e p t h  of 6,000 f t .  I n  a d d i t i o n ,  they  e s t i m a t e d  
und i scovered  h y p o t h e t i c a l  b i tuminous  c o a l  r e s o u r c e s  a t  1 .9  t r i l l i o n  s h o r t  
t o n s  i n  beds  o v e r  14-in t h i c k  t o  a  d e p t h  o f  6,000 f t .  Table  9  summarizes t h e  
average  q u a l i t y  o f  NPRA bi tuminous  c o a l s .  

Kokolik River  - E l u s i v e  Creek 

The Kokol ik  River  - E l u s i v e  Creek a r e a  h a s  a t  l e a s t  17 c o a l  beds  from 
2-12 f t  t h i c k .  The beds  d i p  from 0'-22'. One seam a t  E l u s i v e  Creek i s  shown 
i n  f i g u r e  16. The c o a l s  range from medium t o  h i g h  v o l a t i l e  b i tuminous  and 
e x h i b i t  some cok ing  p r o p e r t i e s .  F ree - swel l ing  indexes  range  from 0-4. 
Coa l -qua l i ty  p a r a m e t e r s  e x h i b i t  t h e  f o l l o w i n g  g e n e r a l  r anges :  m o i s t u r e  1 .5  - 
6.5 p e r c e n t ,  v o l a t i l e  m a t t e r  25-38 p e r c e n t ,  f i x e d  carbon 46-58 p e r c e n t ,  a s h  
2-18 p e r c e n t ,  s u l f u r  0.2 - 0.6  p e r c e n t ,  and h e a t i n g  c o n t e n t  10,800-13,650 
B t u / l b .  Tab le  10 l i s t s  s p e c i f i c  d a t a  f o r  two c o a l  seams from t h i s  a r e a .  
W a s h a b i l i t y  s t u d i e s  have shown t h a t  t h e  c o a l s  can be  c l e a n e d  t o  produce 
premium q u a l i t y ,  low a s h ,  low s u l f u r  p r o d u c t s  (Rao and Wolff ,  1982).  

Utukok River  

Bituminous c o a l  beds  c rop  o u t  on t h e  Utukok R i v e r  between 25 and 80 m i  
above t h e  mouth of  t h e  r i v e r .  They o c c u r  downstream from Archimedes Ridge 
and Carbon Creek. I n  s u r f a c e  exposures ,  beds  d i p  from 0'-25' and t h i c k n e s s e s  



F i g u r e  15. Coal  o u t c r o p  ' ~ t  Corwin B l u f f s ,  Western A r c t i c  r e g i o n .  ( P h o t o  by  
L . D .  S t r i c k e r ,  1982 . )  



Table 8. Average distribution of macerals in 2 4  samples of coal 
from Corwin Bluffs (modified from Rao and Smith, 1983). 

Content 
Maceral (volume, mmf basis, %) 

Vitrinite 
Pseudovitrinite 
Gelinite 
Phlobaphinite 
Pseudophlobaphinite 
Sporinite 
Resinite 
Cutinite 
Alginite 
Exsudatinite 
Thick cutinite 
Suberinite 
Other liptinite 
Fusinite 
Semifusinite 
Macrinite 
Globular macrinite 
Inertodetrinite 
Sclerotinite 

Table 9. Range in major coal-quality parameters for NPRA 
bituminous coals of northern Alaska (modified from 
Martin and Callahan, 1978). 

Parameter Range in values 

Moist mmf heating value (~tullb) 12,400 - 14,900 
Moisture (%) 0.8 - 10.0 
Volatile matter (%) 2 3 . 5  - 37.0 
Fixed carbon (2)  42.0 - 59.0 
Ash (2) 4.0 - 29.0 
Sulfur (%) 0.1 - 0.7 



F i g u r e  16 .  C o a l - b e a r i ~ ~ g  o u t c r o p  a t  E l u s i v e  Creek, NPRA. (Photo  by J. 
C a l l a h a n ,  1980.) 



Table  10 .  Proximate  and u l t i m a t e  a n a l y s i s  d a t a ,  major-oxide composi t ion and 
f u s i b i l i t y  of a s h ,  and Hardgrove g r i n d a b i l i t y  and f r e e - s w e l l i n g  indexes  
of  Kokolik River  and E l u s i v e  Creek c o a l s  (from Rao and Wolff ,  1982, 
phase  I11 r e p o r t ) .  

A .  Proximate  and u l t i m a t e  a n a l y s i s  d a t a :  

V o l a t i l e  F ixed  Heat ing  con ten t  
Bas is  M o i s t u r e  (%)  M a t t e r  ( % )  Carbon ( 8 )  Ash ( 8 )  B t u / l  b  

No. 3 bed 1 11.95 30.36 55.37 2.37 11,242 
E l u s i v e  Creek 2 - - - 34.48 62.88 2.64 - - - 12,768 
hvBb; 11.5-ft t h i c k  3 35.42 64.58 ---  13,114 

Uncor re la ted  bed 1 15.58 26.43 52.57 5.42 
- - -  10,904 K o k o l i k  R i v e r  2 31.31 62.27 6.42 12,916 

hvAb; 11.6-ft t h i c k  3 - - -  33.46 66.54 --- 13,803 

1 = e q u i l i b r i u m  bed m o i s t u r e  bas is ;  2 = m o i s t u r e  f r e e  bas is ;  and 
3 = mo is tu re -  and ash- f ree  b a s i s  

S u l f u r  

Bas is  Carbon(%) Hydrogen(%) N i t r o q e n ( % )  Oxygen(%) P y r i t i c  T o t a l  

No. 3 bed 1 65.90 5.20 1.31 25.00 0.06 0.27 
E l u s i v e  Creek 2 74.84 4.39 1.49 16.33 0.07 0.31 
hvBb; 11.5-ft t h i c k  3 76.87 4.51 1.53 16.77 0.07 0.32 

Uncor re la ted  bed 1 63.44 5.63 1.03 24.24 0.04 0.24 
K o k o l i k  R i v e r  2 75.15 4.61 1.22 12.32 0.05 0.28 
hvAb; 11.6-ft t h i c k  3 80.31 4.93 1.30 13.17 0.06 0.29 

B.  Major-oxide composi t ion of a s h :  

E l u s i v e  Creek 

CaO 

MnO 

Kokolik River  





range t o  1 2 - f t .  I n  t h e  Kaolak t e s t  w e l l  1 on t h e  Utukok River  60 c o a l  beds 
a g g r e g a t i n g  350 f t  occur  i n  t h e  upper 4,600 f t .  A t  a  minimum, r e s o u r c e s  a r e  
e s t i m a t e d  a t  2.7 b i l l i o n  s h o r t  t o n s .  

The c o a l s  a r e  t y p i c a l l y  h igh  v o l a t i l e  A b i tuminous  w i t h  t h e  fo l lowing  
ranges  i n  q u a l i t y  pa ramete r s :  m o i s t u r e  1 .7  - 6 . 2  p e r c e n t ,  v o l a t i l e  m a t t e r  
33 .0  - 37.5 p e r c e n t ,  f i x e d  carbon 46.5  - 58.0  p e r c e n t ,  a s h  2.5 - 17.5  per-  
c e n t ,  s u l f u r  0 . 2  -0.6 p e r c e n t ,  and h e a t i n g  v a l u e s  from 11,600-13,650 B t u l l b .  

Meade and Ikpikpuk R i v e r s  

Bituminous c o a l s  occur  n e a r  t h e  headwaters  of t h e  Meade and Ikpikpuk 
R i v e r s  i n  t h e  A r c t i c  F o o t h i l l s .  A t  l e a s t  10 beds  occur  i n  o u t c r o p s  and t h e s e  
range from 2-6 f t  t h i c k  and have h o r i z o n t a l  t o  sha l low d i p s .  The beds  have 
suppor ted  minor l o c a l  p r o d u c t i o n  i n  t h e  p a s t .  Average c o a l - q u a l i t y  c r i t e r i a  
a r e :  m o i s t u r e  3-4 p e r c e n t ,  v o l a t i l e  m a t t e r  36.5 p e r c e n t ,  f i x e d  carbon 46.8 
p e r c e n t ,  a s h  13.3 p e r c e n t ,  s u l f u r  0.7 p e r c e n t ,  and h e a t i n g  v a l u e  11,660 
Btu / lb .  

C o l v i l l e  River  

Bituminous c o a l s  a l o n g  t h e  C o l v i l l e  R iver  a r e  r e s t r i c t e d  t o  modera te ly  
f o l d e d  rocks  of  t h e  f o o t h i l l s  b e l t .  T h i s  i n c l u d e s  a  n o r t h e a s t - t r e n d i n g  
segment of  t h e  r i v e r  e x t e n d i n g  from t h e  mouth of  E t i v l u k  River  downstream t o  
w i t h i n  about  20 m i  of Umiat. The Cre taceous  Chandler  Formation i n  t h i s  a r e a  
c o n t a i n s  a t  l e a s t  25 bi tuminous  c o a l  beds  from 2-8 f t  t h i c k .  Genera l  r a n g e s  
i n  v a r i o u s  c o a l - q u a l i t y  pa ramete r s  a r e :  m o i s t u r e  2.5 - 6.6 p e r c e n t ,  v o l a t i l e  
m a t t e r  30.1 - 43.7 p e r c e n t ,  f i x e d  ca rbon  39.3-62.8 p e r c e n t ,  a s h  2.6 - 24.3  
p e r c e n t ,  s u l f u r  0 .3  - 0.7 p e r c e n t ,  and h e a t i n g  v a l u e  10,430-13,450 B t u l l b .  

Awuna, Kurupa, Oolamnagavik, K i l l i k ,  Chandler ,  and Anaktuvuk R i v e r s  

There a r e  numerous o t h e r  o c c u r r e n c e s  of b i tuminous  c o a l s  i n  t h e  n o r t h e r n  
Alaska F o o t h i l l s .  A s  many a s  f i v e  beds  from 2  t o  5  f t  c r o p  o u t  on t h e  Awuna 
River .  Nine beds  l e s s  than  4 .5 - f t  t h i c k  occur  on t h e  Kurupa R i v e r .  I n d i -  
v i d u a l  beds  from 2-3 f t  t h i c k  each a r e  found on t h e  Oolamnagavik, K i l l i k ,  
Chandler ,  and Anaktuvuk R i v e r s  (Barnes ,  1967).  

Sagavan i rk tok  River :  Sagwon B l u f f s  

A 6 .5-f t  t h i c k  c o a l  bed from Sagwon B l u f f s  was sampled and ana lyzed  by 
Rao and Wolff (1980).  The c o a l  i s  e v i d e n t l y  Cre taceous  ( ? )  and of high- 
v o l a t i l e  C b i tuminous  rank.  Table  11 summarizes t h e  q u a l i t y  of  t h e  c o a l .  

L i sburne  F i e l d  

The L i sburne  f i e l d  i s  l o c a t e d  n e a r  P o i n t  Hope on t h e  L i sburne  P e n i n s u l a  
of nor thwes t  Alaska.  Although i t s  t r u e  e x t e n t  i s  unknown, coa l -bea r ing  r o c k s  
a r e  d i s t r i b u t e d  from Cape Dyer t o  Cape Thompson. The a r e a  i n c l u d e s  s e v e r a l  
c o a l  p r o s p e c t s  and s i t e s  of minor c o a l  e x t r a c t i o n .  The d i s c o v e r y  of go ld  a t  
Nome i n  1898 b rough t  t h e  f i r s t  i n t e r e s t  i n  deve lop ing  t h e  Cape Lisburne 
c o a l s .  



Table 11. Proximate and ultimate analyses, major-oxide composition and 
fusibility of ash, Hardgrove grindability and free-swelling indexes of 
Sagwon Bluffs coal (from Rao and Wolff, 1980, phase I1 report). 

A. Proximate and ultimate data: 

Basis 1 2 3 

Moisture (2) 
Volatile matter (%) 
Fixed carbon (%) 
Ash (2) 
Heating value (Btullb) 
Carbon (%) 
Hydrogen (%) 
Nitrogen (2) 
Oxygen (%) 
Sulfur (2 ) :  

Pyritic 
Total 

1 = equilibrium-bed-moisture basis; 2 = moisture-free basis; and 
3 = moisture- and ash-free basis. 

B. Major-oxide composition of ash ( 2 ) :  C. Fusibility of ash (OF): 

CaO - 1.8 

Initial deformation 2670 

Softening 2730 

Fluid 2840 

MnO - 0.04 



The c o a l s  e v i d e n t l y  belong t o  a  member of t h e  L i sburne  Group, a  
Carbon i fe rous  ( M i s s i s s i p p i a n )  nonmarine u n i t .  Coal seams a r e  found i n  t h e  
upper 1900 f t  of s e c t i o n .  The coa l -bea r ing  r o c k s  of t h e  Lisburne f i e l d  a r e  
d i s t i n c t  from and u n a s s o c i a t e d  w i t h  t h e  major Cretaceous-age c o a l  r e s o u r c e s  
of t h e  North Slope b a s i n .  

The highly-deformed rocks  c o n t a i n  c o a l  beds  t y p i c a l l y  6 - f t  t h i c k  o r  l e s s  
t h a t  p inch  and s w e l l  o v e r  s h o r t  d i s t a n c e s  ( f i g .  1 7 ) .  Geologic s t r u c t u r e  i s  
g e n e r a l l y  complex w i t h  c o a l  beds  deformed and broken by f a u l t s .  T h r u s t i n g ,  
s h e a r i n g ,  and c o n t o r t e d  f o l d i n g  a r e  common ( f i g .  18) .  Dips average  40" b u t  
range from h o r i z o n t a l  t o  n e a r - v e r t i c a l .  

The c o a l s  a r e  t y p i c a l l y  low-moisture and low-ash ( t a b l e  12) .  They range 
from l o w - v o l a t i l e  b i tuminous  t o  s e m i a n t h r a c i t e  i n  r ank  w i t h  h e a t i n g  c o n t e n t s  
t o  abou t  14,000 B t u l l b  o r  h i g h e r .  They a r e  g e n e r a l l y  noncoking. Table  13 
l is ts  major-oxide composi t ion of  a s h  i n  L i sburne  c o a l s .  

Coal  o c c u r r e n c e s  of  t h e  L i sburne  f i e l d  i n c l u d e  Niak Creek,  Cape Lewis, 
Cape Dyer, Kukpuk R i v e r ,  and Cape Thompson. A t  Niak Creek,  4-5 f t  t h i c k  
seams of s e m i a n t h r a c i t e  occur  i n  a  f a u l t e d  exposure .  A t  Cape Lewis, a  4 - f t  
bed of  s e m i a n t h r a c i t e  and two t h i n n e r  seams d i p  a t  40' i n  ou tc rop .  The 
Kapaloak Creek s e c t i o n  a t  Cape Dyer i n c l u d e s  13 beds  of  low v o l a t i l e  
b i tuminous  c o a l  r a n g i n g  from 2.5 t o  11 f t  t h i c k  t o t a l l i n g  a n  a g g r e g a t e  70 f t  
of c o a l ;  t h e  beds  d i p  from 30" t o  n e a r - v e r t i c a l .  A t  Kukpuk River ,  a  s i t e  of  
p a s t  l o c a l  p r o d u c t i o n ,  a  6 - f t  t h i c k  bed of s e m i a n t h r a c i t e  d i p s  a t  23" i n  
o u t c r o p ;  t h e  c o a l  i s  low-ash (5 p e r c e n t )  and h i g h  c a l o r i f i c  v a l u e  (13,750 
B t u l l b ) .  A t  Cape Thompson t h e r e  i s  a  1 - f t  t h i c k  bed s t a n d i n g  v e r t i c a l l y  and 
i t  i s  sheared .  

Mining p o t e n t i a l  i n  t h e  L i sburne  f i e l d  i n  t h e  n e a r  f u t u r e  i s  u n l i k e l y  
b u t  t h e  d e p o s i t s  a r e  p robab ly  more amenable t o  s u r f a c e  methods. Subsur face  
r i g h t s  a r e  c o n t r o l l e d  by A r c t i c  Slope Regional  Corpora t ion  and s u r f a c e  r i g h t s  
a r e  h e l d  by t h e  v i l l a g e  of  P o i n t  Hope. 

YIJKON-KOYUKUK PROVINCE 

Kobuk Basin 

The Kobuk Bas in  i n c l u d e s  what h a s  g e n e r a l l y  been r e f e r r e d  t o  a s  t h e  
Kobuk f i e l d s  ( o r  West and E a s t  Kobuk f i e l d s )  and a  number of o t h e r  c o a l  
o c c u r r e n c e s .  I n  1908 Cap ta in  T h e i e l e n  opened a  mine on t h e  Kobuk River  about  
a  m i l e  below t h e  K a l l a r i c h u k  River ;  i n  1929 Alexander Hara lan  renewed mining 
on t h e  s i t e  where s m a l l  q u a n t i t i e s  of c o a l  were e x t r a c t e d  f o r  u s e  by p l a c e r -  
gold  miners .  

A number of c o a l  o u t c r o p s  and c o a l  o c c u r r e n c e s  a r e  found exposed a l o n g  
r i v e r  b l u f f s  i n  t h e  Kobuk Basin  ( f i g .  19) .  The westernmost  l o c a l i t y  is  on 
t h e  n o r t h  s i d e  of  t h e  Kobuk River  between T r i n i t y  Creek and t h e  K a l l a r i c h u k  
River .  Other  l o c a l i t i e s  a r e  t h e  Singauruk River  ( f i g .  2 0 ) ,  t h e  Hunt R i v e r ,  
lower Ambler R i v e r ,  lower  Kogoluktuk R i v e r ,  and i n  t h e  Lockwood H i l l s  n e a r  
t h e  Pah River  (Barnes ,  1967).  The c o a l s  a r e  Cre taceous  (Middle o r  L a t e ? )  and 
were o r i g i n a l l y  i n c l u d e d  w i t h  t h e  upper member of  t h e  Bergman Group, now a n  



Figure 17. Coal-bearing outcrop at Cape Lisburne, northwest Alaska. (Photo 
h y  G.K. Eakins, 1983.)  



F i g u r e  18. Schema: I t-c>ss <;ection o f  c o a l - b e a r i n g  b e a c h c r o p  a t  Cape 
1 L i s b u r n e ,  - (  : ,L -,t . \_, , : ,ha.  (Photo b y  K.M. G o f f ,  1 9 8 4 . )  



Table  12. Range i n  p rox imate -ana lys i s  d a t a ,  h e a t i n g  and 
s u l f u r  c o n t e n t s  of 7 L i sburne  f i e l d  c o a l s .  

Parameter  Range 

Mois tu re  (%) 
V o l a t i l e  m a t t e r  (2)  
Fixed carbon (2 )  
Ash (%) 
Heat ing v a l u e  ( B t u / l b )  
S u l f u r  (2) 

Table  13. Average a s h  a n a l y s i s  of L i sburne  f i e l d  c o a l s .  

Major-oxide P e r c e n t  

S  i o  

*l2'3 

Fe203 

K2° 

S03 
CaO 

Ti02  

'2'5 
MgO 

Na 20 

MnO 

Unde t . 



Figure 19. Coal-bearing Cretaceous rocks of t he  lower Kobuk River region 

(modified from Pat ton  and M i l l e r ,  1986). 



F i g u r e  20. C o a l - b e a r i n g  o t ~ t c r o p  a t  S i n g a u r u k  R i v e r ,  Kobuk b a s i n .  (Pho to  by 
G . R .  F a k i n s ,  1 4 6 2 . )  



o b s o l e t e  c l a s s i f i c a t i o n .  The s t r u c t u r e  shows g e n e r a l l y  sha l low d i p s  ( l e s s  
t h a n  30') d e f i n i n g  broad open f o l d s ,  l o c a l l y  s t e e p l y  d i p p i n g  n e a r  h igh-angle  
f a u l t s .  

More r e c e n t  r e c o n n a i s s a n c e  s u r v e y s  i n  t h e  r e g i o n  have l o c a t e d  t h r e e  main 
o u t c r o p s .  One i s  a t  t h e  s i t e  of  minor p r o d u c t i o n  on t h e  K a l l a r i c h u k  R i v e r ,  
where two c o a l  beds  about  2 - f t  t h i c k  each d i p  a t  20'-45'. Two o c c u r r e n c e s  
were s i t e d  on t h e  Kobuk River .  A t  t h e  f i r s t  were one o r  more c o a l  beds 2-3 
f t  t h i c k  d i p p i n g  a t  30° ,  and a t  t h e  second was an 18-f t  t h i c k  bed d i p p i n g  a t  
25". 

The c o a l s  a r e  b i tuminous  i n  r ank ,  t y p i c a l l y  h igh  v o l a t i l e  C b i tuminous .  
Hea t ing  c o n t e n t s  r ange  from 9,200 t o  10,500 ~ t u / l b .  S u l f u r  c o n t e n t  v a r i e s  
from 0.4 t o  1.1 p e r c e n t ,  and a s h  v a r i e s  from 7 p e r c e n t  t o  35 p e r c e n t .  

F u t u r e  mining p o t e n t i a l  i s  low because  t h e  a r e a  i s  l o c a t e d  w i t h i n  t h e  
c o n f i n e s  of  Kobuk Va l ley  N a t i o n a l  Park .  

Upper Koyukuk Basin 

T h i s  b a s i n  i n c l u d e s  t h e  Tramway Bar f i e l d  and s e v e r a l  o t h e r  s c a t t e r e d  
minor c o a l  o c c u r r e n c e s .  Tramway Bar i s  l o c a t e d  about  35 m i  n o r t h e a s t  o f  
B e t t l e s  i n  Wiseman Quadrangle on t h e  Middle Fork of t h e  Koyukuk River  (T. 26 
N . ,  R. 14 W.). I t  encompasses t h e  n o r t h e a s t e r n  p a r t  o f  t h e  Yukon-Koyukuk 
Prov ince .  

The c o a l - b e a r i n g  r o c k s  a r e  mid-Cretaceous i n  age (Alb ian  t o  Cenomanian, 
p o s s i b l y  Turonian based on f o s s i l  p l a n t s )  and were fo rmer ly  o r i g i n a l l y  
i n c l u d e d  w i t h  t h e  upper  member of t h e  Bergman Group (now o b s o l e t e ) .  The u n i t  
c o n s i s t s  of  s a n d s t o n e ,  co.nglomerate,  and b i tuminous  c o a l  ( f i g .  2 1 ) .  Barnes 
(1967) b e l i e v e d  t h e  d e p o s i t  t o  be a n  e a s t e r n  e x t e n s i o n  of  t h e  coa l -bea r ing  
r o c k s  of  t h e  Kobuk b a s i n .  

F.C.  Schraeder  (1904) f i r s t  r e p o r t e d  t h e  p r e s e n c e  of  c o a l  a t  Tramway Bar 
i n  1899. He a l s o  found abundant c o a l  f l o a t  i n  t h e  r i v e r  g r a v e l s  on t h e  John 
River  n o r t h  o f  B e t t l e s  n e a r  t h e  b a s e  of t h e  E n d i c o t t  Mountains,  b u t  no 
in -p lace  c o a l  beds  were l o c a t e d .  The c o a l s  have been used on a  s m a l l - s c a l e  
b a s i s  by go ld  p r o s p e c t o r s .  

Rao and Wolff (1980) sampled and ana lyzed  c o a l  from t h e  main o u t c r o p .  
They found t h r e e  seams d i p p i n g  a t  56' c ropp ing  o u t  on t h e  n o r t h  bank of t h e  
Koyukuk R i v e r ,  an  8-in bed ,  a  3 - f t  bed ,  and a  17.5-ft  bed.  They sampled and 
ana lyzed  t h e  lower 13 f t  of t h e  t h i c k  seam ( t a b l e  1 4 ) .  The rank  of  t h e  c o a l  
i s  h i g h  v o l a t i l e  B b i tuminous .  The a s h  c o n t e n t  i s  h i g h  b u t  t h e  s u l f u r  
c o n t e n t  i s  v e r y  low. Thin d i r t  bands add t o  t h e  35 p e r c e n t  a s h  c o n t e n t  on a  
raw-coal b a s i s .  Rao and Wolff found t h a t  washing t h e  c o a l  cou ld  v e r y  e f f e c -  
t i v e l y  reduce  t h e  a s h  c o n t e n t  t o  a c c e p t a b l e  l e v e l s .  

Lower Koyukuk Basin  

T h i s  a r e a  i n c l u d e s  what h a s  c l a s s i c a l l y  been r e f e r r e d  t o  a s  t h e  Nulato  
f i e l d  a s  w e l l  a s  a number of a d d i t i o n a l  c o a l  o c c u r r e n c e s  t h a t  extend f o r  200 



Figure 21. Coal-bearing o u t ~ , r o p  at Tramway Bar on the Kiddle Fork o f  the 
Koyukuk R i v e r  . ;cut!  c:t Wiserr,an. ( P h o t o  b y  K.M. Goff, 1984.) 



Table 14 .  Proximate and ultimate analyses, major-oxide composition and 
fusibility of ash, Hardgrove grindability and free-swelling indexes of 
Tramway Bar coal (from Rao and Wolff, 1980 ,  phase I1 report). 

A. Proximate and ultimate data: 

Basis 1  2  3 

Moisture (2) 
Volatile matter (2) 
Fixed carbon (%) 
Ash (%) 
Heating value (Btullb) 
Carbon (2) 
Hydrogen (%) 
Nitrogen (2) 
Oxygen (2) 
Sulfur (%): 

Pyritic 
Total 

1  = equilibrium-bed-moisture basis; 2  = moisture-free basis; and 3  = moisture- 
and ash-free basis. 

B. Major-oxide composition of ash (%):  C. Fusibility of ash (OF): 

Initial deformation 2468 

Softening 2593 

Flu id 2723 

CaO - 2.3  D. Hardgrove grindability index = 56 

Na20 - 0 . 5 1  

2O 
- 4 . 0  E .  Free-swelling index = 0 

Ti02 - 1 .7  

S03 
- 0 . 9  

MnO - 0 . 0 5  



m i l e s ,  from Ruby t o  Anvik, on t h e  Yukon River  below t h e  mouth o f  t h e  
Melozi tna  River .  S e v e r a l  of t h e  o u t c r o p s  from Ruby t o  Blackburn ( f i g .  22) 
were mined f o r  steamboat f u e l  from 1897-1902 b u t  e x t r a c t e d  o n l y  a  few thou- 
sand t o n s  a l t o g e t h e r .  Some of t h e  c o a l s  were e x p l o i t e d  f o r  b lacksmi th ing  
purposes  and domes t i c  f u e l  a s  w e l l .  

The c o a l s  belong t o  t h e  La te  Cre taceous  Ka l t ag  Formation,  a  predominant-  
l y  nonmarine sequence of s a n d s t o n e ,  s i l t s t o n e ,  and s h a l e  c o n t a i n i n g  f o s s i l  
p l a n t s .  S t r u c t u r e  i s  l o c a l l y  complex w i t h  f o l d i n g  and f a u l t i n g  and beds 
d i p p i n g  from 20" t o  60".  The t h i c k e s t  c o a l  bed i s  about  4  f t ,  and most beds  
a r e  l e s s  t h a n  2 - f t  t h i c k .  

The c o a l s  a r e  h i g h - q u a l i t y  b i tuminous ,  r a n g i n g  from h i g h - v o l a t i l e  A 
b i tuminous  t o  h i g h  v o l a t i l e  C b i tuminous .  Although they  have a  h i g h  a s h  
c o n t e n t ,  they  can  be c l e a n e d  t o  g i v e  a  p roduc t  w i t h  10 p e r c e n t  a s h  o r  l e s s .  
The c o a l s  a r e  p o t e n t i a l l y  some of t h e  b e s t  cok ing  i n  Alaska.  Tab le  15 
summarizes c o a l - q u a l i t y  c r i t e r i a  f o r  one Nulato  seam t h a t  may be  a t y p i c a l .  
Sanders  (1981) l is ts  t h e  f o l l o w i n g  r e p r e s e n t a t i v e  a n a l y s e s  of Nula to  c o a l :  
m o i s t u r e  1-11 p e r c e n t ,  v o l a t i l e  m a t t e r  24-41 p e r c e n t ,  f i x e d  carbon 47-65 
p e r c e n t ,  a s h  3-23 p e r c e n t ,  s u l f u r  0.2 - 0.6  p e r c e n t ,  h e a t i n g  v a l u e  ( a s  
r e c e i v e d )  approx imate ly  9,500 B t u l l b ,  h e a t i n g  v a l u e  ( m o i s t ,  minera l -mat ter -  
f r e e  b a s i s )  12,300 B t u / l b ,  and a  r ank  of h i g h  v o l a t i l e  C b i tuminous .  

Among t h e  c o a l  p r o s p e c t s  on t h e  lower Yukon River  is  a  2-3 f t  t h i c k  bed 
of p o s s i b l e  b l a c k s m i t h i n g  c o a l  on t h e  Melozi tna  R i v e r ,  a  1 - f t  t h i c k  bed 
o c c u r r i n g  about  20 m i  above Galena,  a  3-f t  t h i c k  bed a t  N a h o c l a t i l t e n ,  a  
4 .5 - f t  t h i c k  bed d i p p i n g  20' a t  Ka l t ag  ( t h e  Adolph-Muller P r o s p e c t ) ,  and a  
0 .5 - f t  c o a l  ( t h e  Nulato  bed) i n  a  2 .5-f t  t h i c k  c o a l  zone l o c a t e d  a  m i l e  above 
Nulato  (Chapman, 1963) .  The l a t t e r  c o a l  d i p s  a t  40" and was a l s o  used  i n  
b l a c k s m i t h i n g  a t  Nula to .  

The s o - c a l l e d  P i c k a r t  Mine was l o c a t e d  on t h e  r i g h t  o r  s o u t h  bank of  t h e  
Yukon River  abou t  10 m i  above Nulato.  The c o a l  beds  range from 1.5  t o  3  f t  
t h i c k  and d i p  a t  35".  The P i c k a r t  B r o t h e r s  o r i g i n a l l y  mined t h e  s i t e  i n  
1898. The Alaska Commercial Company took p o s s e s s i o n  i n  1901, b u t  t h e  s i t e  
was abandoned i n  1902 because  of  f l o o r  r o l l s .  A t  l e a s t  one 600-f t  d r i f t  
t u n n e l  was d r i v e n  and s e v e r a l  hundreds  of  t o n s  produced and used f o r  s teaming 
purposes  on r i v e r b o a t s  from 1898-1902. The c o a l  r e p o r t e d l y  produced a  good 
compact coke.  An average  a n a l y s i s  of t h e  c o a l  i s :  m o i s t u r e  1.02 p e r c e n t ,  
v o l a t i l e  m a t t e r  27.33 p e r c e n t ,  f i x e d  carbon 65.03 p e r c e n t ,  a s h  6.62 p e r c e n t ,  
and s u l f u r  0.60 p e r c e n t .  

The Bush Mine was l o c a t e d  on t h e  r i g h t  bank of t h e  Yukon abou t  4  m i  
below Nulato .  The c o a l  beds  range from 2-4 f t  t h i c k  and d i p  a t  40'. A 40 f t  
t u n n e l  was d r i v e n  i n  1903 and about  400 t o n s  of c o a l  produced f o r  s teamboat  
u s e .  

The B l a t c h f o r d  Mine was l o c a t e d  on t h e  r i g h t  bank of t h e  Yukon abou t  9  
m i  below Nulato .  Sheared pocke t s  of  c o a l  8 - f t  a c r o s s  d i p  a t  45'-55". About 
300 t o n s  of  c o a l  were mined a t  t h e  s i t e  p r i o r  t o  1902. 
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F i g u r e  22 .  Loca t ion  of c o a l  d e p o s i t s  a long  t h e  Yukon River  between Ruby and 
Anvik (modif ied  from Chapman, 1963) .  



Table 15. Proximate and ultimate analyses, major-oxide composition and 
fusibility of ash, Hardgrove grindability and free-swelling indexes of 
a Nulato coal seam (from Rao and Wolff, 1982, phase I11 report). 

A. Proximate and ultimate data: 

Basis 

Moisture (%) 
Volatile matter (%) 
Fixed carbon (%) 
Ash (2) 
Heating value (Btu/lb) 
Carbon (2) 
Hydrogen (2)  
Nitrogen (%) 
Oxygen (%) 
Sulfur (2 ) :  

Pyritic 
Total 

1 = equilibrium-bed-moisture basis; 2 = moisture-free basis; and 3 = moisture- 
and ash-free basis. 

B. Major-oxide composition of ash (%) : C. Fusibility of ash (OF): 

Initial deformation 2468 

Softening 2593 

Fluid 2723 

CaO - 0.3 D. Hardgrove grindability index = 56 

Na20 - 1.88 

K2° - 4 .4  E .  Free-swelling index raw coal = 0 

TiO, - 1 . 1  Free-swelling index of 1.60 
specific-gravity float = 9.6 

MnO - 0.01 



The Wil l iams o r  Thein  Mine was l o c a t e d  about  50 m i  below K a l t a g ,  90 
m i l e s  below Nula to ,  and 100 m i  s o u t h  of  t h e  Koyukuk River .  I t  was s i t u a t e d  
on t h e  wes t  bank of t h e  Yukon River .  A 3 .25-f t  t h i c k  bed d i p s  a t  45".  The 
mine opened i n  1902 and a  400-f t  s h a f t  had been completed i n  1902 when 
C o l l i e r  v i s i t e d .  About 1700 t o n s  of c o a l  were produced b e f o r e  1903. The 
c o a l  r e p o r t e d l y  produces  a  noncoherent  coke.  Condi t ions  may be f a v o r a b l e  a t  
t h e  s i t e  f o r  a p p r e c i a b l e  r e s o u r c e s .  An average  a n a l y s i s  of  t h e  c o a l  is:  
m o i s t u r e  6.66 p e r c e n t ,  v o l a t i l e  m a t t e r  36.76 p e r c e n t ,  f i x e d  ca rbon  50.50 
p e r c e n t ,  a s h  6.08 p e r c e n t ,  and s u l f u r  0.46 p e r c e n t .  

Coal Mine No. 1 was l o c a t e d  16 m i  below Blackburn and 125 m i  below 
Nulato  on t h e  lower Yukon River .  Coal beds a t  t h e  s i t e  r ange  from 2.5 - 3 f t  
t h i c k  and d i p  a t  35'. The Alaska Commercial Company opened a  mine a t  t h e  
s i t e  i n  1898 and produced about 900 t o n s  of c o a l .  Cond i t ions  may be f a v o r -  
a b l e  a t  t h e  s i t e  f o r  a p p r e c i a b l e  r e s o u r c e s .  

T o t a l  h y p o t h e t i c a l  r e s o u r c e s  of  t h e  Lower Koyukuk b a s i n  a r e  e s t i m a t e d  a t  
o n l y  50 m i l l i o n  s h o r t  t o n s .  Economically r e c o v e r a b l e  seams have n o t  been 
i d e n t i f i e d  and mining p o t e n t i a l  i s  c u r r e n t l y  r a t e d  a s  low. The r e l a t i v e  
s t e e p  d i p  of  beds  p r e c l u d e s  s t r i p  mining i n  most c a s e s .  The c o a l  cou ld  o n l y  
be moved a t  h igh  t r a n s p o r t a t i o n  c o s t s ,  most l i k e l y  by s h a l l o w  d r a f t  b a r g e s  of  
500 t o n s  o r  l e s s .  

UPPER YUKON PROVINCE 

Nat ion River  

The coa l -bea r ing  o u t c r o p  a t  Nat ion River  is  l o c a t e d  on t h e  Nat ion River  
about  1 .5  m i  from i t s  j u n c t i o n  w i t h  t h e  Yukon River .  I t  is  n e a r  t h e  Eag le  
f i e l d  o f  e a s t - c e n t r a l  Alaska and o c c u p i e s  a  v e r y  s m a l l  a r e a .  I n  1897, t h e  
Alaska Commercial Company opened a  s m a l l  c o a l  mine h e r e  and e x t r a c t e d  abou t  
2,000 t o n s  of  c o a l  f o r  u s e  on s t eamboa t s  p r i o r  t o  1902. 

The coa l -bea r ing  rocks  a r e  of unknown a g e ,  a l t h o u g h  o l d e r  r e p o r t s  have 
a s s i g n e d  them, p robab ly  e r r o n e o u s l y ,  t o  t h e  La te  Devonian Nat ion River  
Formation.  The g e n e r a l  consensus  now is  t h a t  they  a r e  most l i k e l y  T e r t i a r y  
o r  Cre taceous .  

The c o a l  o c c u r s  i n  a  f a u l t  zone a s  l a r g e  p o c k e t s  o r  k idneys  r e s u l t i n g  
from i n t e n s e  c r u s h i n g  and s h e a r i n g .  The c o a l  is r e p o r t e d  t o  be bi tuminous  
( p o s s i b l y  medium v o l a t i l e )  a l t h o u g h  no r e c e n t  and r e l i a b l e  a n a l y s e s  e x i s t .  

NENANA PROVINCE 

Yanert  

Coa l s  a r e  found a t  Yanert  n e a r  m i l e  341 of t h e  Alaska Highway w i t h i n  t h e  
c o n f i n e s  of Mount McKinley N a t i o n a l  Park .  I n  1923-24, t h e  Mount McKinley 
Bituminous Coal Company o p e r a t e d  t h e  Yanert  Mine h e r e .  A s h a f t  was d r i v e n  
700 f t  i n t o  a  5 - f t  t h i c k  bed of c o a l  d i p p i n g  40'-60'. 



The coal evidently occurs in the Paleocene Cantwell Formation and is 
typically of medium volatile bituminous rank. Rao and Wolff (1982) found 
that cleaning the high-ash coals resulted in a poor yield and higher than 
acceptable ash levels in the product. Detailed analyses of the coal are 
presented in table 16. 

Cheeneetnuk River 

Tertiary bituminous coals occur on Cheeneetnuk River, a tributary of the 
Swift River, at the extreme west end of the Nenana province. The coals range 
to 6-ft thick and are downfaulted against older rocks in the Farewell fault 
zone. The potential mineability of these coals has not been investigated. 

COOK INLET-SUSITNA PROVINCE 

Matanuska Field 

Location 

The Matanuska coal field of southcentral Alaska forms an eastern exten- 
sion of the Cook Inlet-Susitna coal province. The field occupies most of the 
Matanuska River valley (fig. 23). Its western margin is some 45 air miles 
northeast of Anchorage. 

The Matanuska field has been divided into five main districts (fig. 24). 
The Wishbone Hill district is located about 10 mi northeast of Palmer, 
Alaska. The chief coal resource of this district is the Wishbone Hill 
syncline. The Young Creek, Castle Mountain, and Chickaloon districts occupy 
the central Matanuska Valley. The Chickaloon district is centered about 30 
mi northeast of Palmer around the old mining camp at Chickaloon. The 
Anthracite Ridge district is situated at the east end of the Matanuska Valley 
about 12 mi east of Chickaloon. The Young Creek and Castle Mountain dis- 
tricts are not considered in detail. 

Area - 
The Wishbone Hill district occupies about 20 square miles between Moose 

and Granite Creeks. The Chickaloon district includes a 10 mile square area 
on lower Chickaloon River and Coal Creek. The Anthracite Ridge field 
includes a 20 mile square area that extends from the south slope of 
Anthracite Ridge southward to the Matanuska River. 

Mining History 

Coal was actively mined in the Matanuska field from 1914 to 1968 (fig. 
25). The Alaska Railroad was completed to the Matanuska field in 1916, 
spurring mining in the Moose Creek area of the Wishbone Hill district. Early 
exploration and development in the Matanuska Valley was carried out by the 
U.S. government (table 17); the Navy searched for steaming coal, and the 
Alaska Engineering Commission sought coal supplies for the railroad. 



Table 16. Proximate and ultimate analyses, major-oxide composition and 
fusibility of ash, Hardgrove grindability and free-swelling indexes of 
Yanert area coal (from Rao and Wolff, 1982, phase I11 report). 

A. Proximate and ultimate data: 

Basis 1 2  3 

Moisture (%) 
Volatile matter (2) 
Fixed carbon (2) 
Ash (%) 
Heating value (Btu/lb) 
Carbon (%) 
Hydrogen (2) 
Nitrogen (%) 
Oxygen ( 2 )  
Sulfur (2): 

Pyritic 
Total 

1 = equilibrium-bed-moisture basis; 2 = moisture-free basis; and 3 = moisture- 
and ash-free basis. 

B. Major-oxide composition of ash ( 2 ) :  C. Fusibility of ash (OF): 

Initial deformation 2742 

Softening 2800+ 

Fluid 2800+ 

CaO - 1.1 D. Hardgrove grindability index = 48 

Ti02 - 1.0 

S03 
- 0.6 

MnO - 0.02 

E. Free-swelling index = 1 







Figure 25. Coal production in the Matanuska field, 1915-1970 (from Merritt 
and Belowich, 1984). 



Table  1 7 .  Chronology of e v e n t s  i n  coal-development h i s t o r y  of Matanuska 
Val ley .  

E a r l y  p r o s p e c t o r s  and t r a d e r s  l e a r n  of c o a l  d e p o s i t s  i n  t h e  
Matanuska Val ley  from t h e  I n d i a n s .  

Geo log i s t  W.C. Mendenhall accompanies Army e x p l o r a t i o n  p a r t i e s  
i n t o  t h e  Matanuska Val ley .  

The U.S. Navy t e s t s  Matanuska Val ley  c o a l  f o r  n a v a l  use .  
Over 1,000 t o n s  of c o a l  a r e  e x t r a c t e d  by t h e  U.S. Bureau of Mines 

i n  t h e  Chickaloon a r e a .  
About 600 t o n s  of Chickaloon c o a l  a r e  used i n  a  s teaming t e s t  

aboard t h e  U.S.S. Maryland. 
The Alaska Ra i l road  i s  b u i l t  t o  t h e  Matanuska c o a l  f i e l d .  Mining 

b e g i n s  i n  t h e  Moose Creek d i s t r i c t  of lower  Matanuska Val ley .  
The Doherty Mine of t h e  Matanuska f i e l d  produces  some 50,000 t o n s  

of c o a l .  
The Eska Mine i s  opened and a  r a i l r o a d  s p u r  i s  c o n s t r u c t e d .  The 

Alaska R a i l r o a d  i s  extended t o  Chickaloon. 
The Alaska Ra i l road  purchases  t h e  Eska Mine o f  t h e  Matanuska 

Val ley.  Two c o a l  mines a r e  o p e r a t e d  by t h e  U.S. government a t  
Eska and Chickaloon. T h i r t y - f i v e  men work a t  t h e  Chickaloon 
Mine and over  4,000 t o n s  o f  c o a l  a r e  mined i n c i d e n t a l  t o  
development. 

The underground o p e r a t i o n s  of t h e  Evan Jones  Mine of t h e  Matanuska 
f i e l d  beg in .  The U.S. Navy c o n s t r u c t s  a  coal-mining town a t  
Chickaloon. 

The U.S. Navy d r i v e s  two e x p l o r a t o r y  t u n n e l s  a t  a  s i t e  8 m i l e s  
above t h e  mouth of t h e  Kings River  of t h e  Matanuska Val ley .  

The Naval Alaskan Coal Commission performs e x p l o r a t o r y  work on 
c o a l  beds a t  Chickaloon. 

A r a i l  s p u r  i s  completed t o  t h e  Evan Jones  Mine from t h e  Eska 
branch of t h e  Alaska R a i l r o a d .  

The S u t t o n  Coal Washery i s  c o n s t r u c t e d  by t h e  U.S. Navy Alaskan 
Coal Commission and Alaska Engineer ing  Commission. About 5,000 
t o n s  of c o a l  a r e  washed b e f o r e  i t  i s  c l o s e d  and d i smant led .  
The Navy p r o s p e c t s  f o r  c o a l  on Coal Creek ( s o u t h  s i d e  of 
Matanuska River )  and completes  e i g h t  d iamond-dr i l l  h o l e s  on t h e  
bench e a s t  of t h e  c r e e k .  

The Chickaloon Coal Mine and t o m s i t e  a r e  p repared  f o r  abandonment 
a f t e r  a  d e t e r m i n a t i o n  i s  made t h a t  t h e  c o a l  i n  t h e  a r e a  cannot  
be mined economical ly .  

The Premier Mine i s  opened by t h e  Alaska Matanuska Coal Co. Ross 
S. Hecky opens t h e  Hecky ( o r  Coal Creek) Mine on t h e  wes t  s i d e  
of Coal Creek o p p o s i t e  t h e  mouth of t h e  Chickaloon River .  
1,650 t o n s  a r e  produced i n  t h e  n e x t  5 y e a r s  and s o l d  t o  t h e  
r a i l r o a d ;  t h e  c o a l  i s  conver ted  t o  coke i n  ovens a t  Anchorage 
and t h e  product  used i n  t h e  foundry of t h e  r a i l r o a d  shop. 

The Kishbone H i l l  Coal  Co. produces  a  s m a l l  q u a n t i t y  of c o a l  from 
t h e  Rawson Mine. 

A c o a l  mine exp los ion  a t  t h e  Evan Jones  Mine k i l l s  14 men and 
c u r t a i l s  p roduc t ion .  



Table  1 7  (con.)  

1942 The Alaska Ra i l road  reopens  t h e  Eska Mine. D r i l l i n g  b e g i n s  on t h e  
Buf fa lo  p r o p e r t y  of t h e  Wishbone H i l l  d i s t r i c t ,  Matanuska 
Val ley .  

1945 The Eska Mine of t h e  Matanuska f i e l d  i s  c l o s e d .  
1953 Maximum underground p r o d u c t i o n  i n  t h e  Matanuska f i e l d  r e a c h e s  over  

285,000 t o n s .  
1958-1960 Two s t r i p  p i t s  a r e  excavated a t  t h e  C a s t l e  Mountain Mine i n  t h e  

Matanuska Val ley  removing 20,700 t o n s  of c o a l  which i s  s o l d  f o r  
power g e n e r a t i o n  purposes  a t  m i l i t a r y  b a s e s  i n  Anchorage. 

1959 Underground c o a l  mining a t  t h e  Evan Jones  Mine c e a s e s .  
1967 Cook I n l e t  n a t u r a l  g a s  from Swanson River  f i e l d  b e g i n s  t o  s u p p l a n t  

Matanuska c o a l .  
1968 Matanuska f i e l d  c o a l  mining s h u t s  down e x c e p t  f o r  s m a l l  mines 

f i l l i n g  l o c a l  needs .  



The most important mining operations in the Matanuska field were the 
Premier Mine, which operated from 1925 until 1982, the Buffalo Mine 
(1942-1945), the Evan Jones Mine (1920-1965), the Eska Mine (1917-1922), and 
the Hecky or Coal Creek Mine (1925-1930; fig. 26). Total past production was 
about 7.5 million tons, mostly from stripping and underground workings of the 
Evan Jones Mine at Wishbone Hill (fig. 27). Mining ceased in the Matanuska 
field in 1968 when Cook Inlet natural gas supplanted coal use in the 
Anchorage area. Minor production continued at the Premier Mine to provide 
coal for local needs until 1982. Recent exploration and mine feasibility 
studies at Wishbone Hill have been completed by Union Pacific Resources 
(figs. 28 and 29). 

Access 

The Matanuska field is favorably located with respect to railroad and 
road links, and hence is not a 'green-field' energy development. The Glenn 
Highway passes along its southern edge, and the western part of the field is 
served by the Alaska Railroad. No major construction of transportational 
facilities would be required to resume coal-mining operations in the 
Matanuska field. 

Geology 

Coal deposits of the Matanuska field occur within the Tertiary 
(Paleocene-early Eocene) Chickaloon Formation (fig. 30). The upper coal- 
bearing part of this unit includes about 1400 ft of claystone, siltstone, 
sandstone, conglomerate, and several series (or groups) of coal beds (fig. 
31). The strata indicate deposition in a dominantly fluvial meandering to 
paludal depositional paleoenvironment. Structure varies from moderately 
complex at the west end of the Matanuska field to complex at the east end. 
Although beds range in dip from 7 "  to overturned, they typically dip at 20" 
to 65'. 

The main structural feature of the Wishbone Hill district is the north- 
east-trending Wishbone Hill syncline, which has moderately-dipping limbs and 
is cut by several transverse faults (figs. 32 and 33). The structure of the 
Chickaloon district is dominantly synclinal, but is further complicated by 
faulting and intrusion of dikes and sills. Both coal rank and complexity in 
structure increases progressively eastward. 

Coal Oualitv and Petroloev 

The quality of Matanuska field bituminous and anthracitic coals from the 
Wishbone Hill, Chickaloon, and Anthracite Ridge districts are summarized in 
table 18. Average petrologic compositions of coals from the same areas are 
listed in table 19. 



Figure 26. Locations of important former coal mines and prospects of western Matanuska Valley and vicinity (from 
Barnes and Ford, 1952). 



Figure 27. Highwall face at Evan Jones surface mine, north limb of Wishbone 
Mill syncline, > l a t a n u s k a  Valley. (Photo by G.R. Eakins, 1981.) 



F i g u r e  28. D r i l l i n g  l o r  c o z !  a t  t h e  Wishbone H i l l  p r o j e c t  o f  Union P a c i f i c  
Kescurces. ( P h o t o  by R . D .  M e r r i t t ,  1983.)  
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F i g u r e  29. D r i l l  c o r e  f r o e  t h e  Wishbone H i l l  p r o j e c t  of  Union P a c i f i c  
h e s o u r c e s .  (Photo by  R . L .  F l e r r i t t ,  1983.) 
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Figure 31, Generalized stratigraphic section of upper Chickaloon Formation in 
western part of the Kishbone Hill district, Matanuska coal field (after 
Hawley and others, 1984). 
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F i g u r e  32. L o n g i t u d i n a l  cross s e c t i o n  of the Wishbone H i l l  s y n c l i n e  (from 
Germer, 1987). 
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Table 18. Comparison of quality parameters of Wishbone Hill, Chickaloon, and 
Anthracite Ridge coals, Matanuska field. 

Anthracite 
Wishbone Hill Chickaloon Ridge 

Rank : hvBb mvb-lvb sa-an - 
Heating content (Btu/lb): 10,400-13,200 11,960-14,400 10,720-14,000 

Mean-maximum vitrinite 
reflectance (Ro X) : 0.5-0.6 1.1-2.1 

max ' 2.0-5.0 

Proximate analysis (range in % ) :  

Moisture 
Volatile matter 
Fixed carbon 
Ash 

Ultimate analysis (range in 2 ) :  

Carbon 
Hydrogen 
Nitrogen 
Oxygen 
Sulfur 
Ash 

Major-oxide composition of ash (avg., % ) :  

S03 

'2'5 
Na 20 

SrO 

BaO 

MnO 0.02 0.04 0.02 

Unde t . 1.40 1.08 1 .31  



Trace elements in coal ash 
(avg.  , ppm) : 

Antimony 
Arsenic 
Beryllium 
Boron 
Bromine 
Cadmium 
Cerium 
Cesium 
Chlorine 
Chromium 
Cobalt 
Copper 
Europium 
Fluorine 
Gallium 
Germanium 
Iodine 
Lanthanum 
Lead 
Lithium 
Molybdenum 
Neodymium 
Nickel 
Niobium 
Praseodymium 
Rubidium 
Samarium 
Scandium 
Selenium 
Tellurium 
Thorium 
Tin 
Uranium 
Vanadium 
Yttrium 
Zinc 
Zirconium 

Fusibility of ash (OF) : 

Initial deformation 2380 
Softening temperature (H=W) 2600 
Hemispherical temperature 

(H=$W) 2640 
Fluid temperature 2700 



Table 18 (con.) 

Free-swelling index: 0- 2 0-8 0-2 

Hardgrove grindability index: 

Coking potential: Poor to fair Noncoking to Some coking 
coking and strongly coking; properties 
caking pro- possible meta- in bitumi- 
perties llurgical nous coals 

only 

Table 19. Comparison of the average distribution of macerals in Wishbone 
Hill, Chickaloon, and Anthracite Ridge coals, Matanuska field (volume, 
mmf-basis 2 ) .  

Anthracite 
Wishbone Hill Chickaloon Ridge 

volume, mineral-matter- 
free basis, %: 

Vitrinite 
Pseudovitrinite 
Gelini te 
Corpocollinite 
Vitrodetrinite 
Total vitrinite 

Fusinite 
Semifusinite 
Sclerotinite 
Macrinite 
Inertodetrinite 
Total inertinite 

Cutinite 
Sporinit e 
Resinite 
Suberinit e 
Liptodetrinite 
Total liptinite 



Coal Resources 

Wishbone Hill District 

Bituminous coal beds to 23-ft thick are confined largely to the upper 
1400 ft of the Chickaloon Formation. Most resources are in beds greater than 
3.5-ft thick. Total estimated resources (0-2,000 ft) are: 

Measured: 40 million short tons 
Identified: 120 million short tons 
Hypothetical: 350 million short tons 

Chickaloon District 

Bituminous coal beds to 14-ft thick comprise two principal deposits: 
(1) at Chickaloon north of Matanuska River (fig. 34), and (2) at Coal Creek, 
south of the Matanuska River. Total estimated resources (0-2,000 ft) are: 

Measured : 3 million short tons 
Identified: 25 million short tons 
Hypothetical: 100 million short tons 

Anthracite Ridge District 

A 20-acre tract in the Purinton Creek area contains an estimated 1.0 
million tons of anthracite and semianthracite. Beds of 34 and 24 ft thick- 
ness have been measured at two exposures (fig. 35), although beds are predom- 
inantly 5-10 ft thick or less. Total estimated resources (0-2,000 ft) are: 

Measured: 1 million short tons 
Identified: 4.5 million short tons 
Hypothetical: 50 million short tons 

Mining Potential 

Large-scale mines with annual productions in excess of 1.0 million tons 
per year are unlikely in the Matanuska field. Surface mining will occur 
initially in areas at the east and west ends of Wishbone Hill followed 
thereafter by underground mining of additional reserves. Shipping of large 
tonnages of coal will require upgrading the rail system. A factor favoring 
development is that most of the region lies on State lands. 

Mine-mouth electrical power-generating facilities are feasible at the 
west end of Matanuska Valley. Specific mineral industries could also develop 
near the coal deposits; for example, a Portland cement plant using limestone 
(marble) and argillite from the Kings River marble deposits. 



Figure  3 4 .  C o a l - b e a r i n g  o u t c r o p  on t h e  lower Chickaloon R i v e r ,  c e n t r a l  
Matanuska V a l l e y .  (Pho to  b y  R . D .  M e r r i t t ,  1983.) 



F i g u r e  35. A n t h r a c i t r - t e d r l n g  o u t c r o p  o n  P u r i n t o n  C r e e k ,  A n t h r a c i t e  R idge  
d i s t r i c t ,  e a s t e r n  > la tanuskn  V a l l e y .  One seam a t  l e f t  i s  p r e s e n t  i n  a n  
o v e r  3 0 - f t  t h i c k  I t : . s e .  i P h o t c  b y  R . D .  I l e r r i t t ,  1983 . )  



GULF OF ALASKA PROVINCE 

Bering River Field 

The Bering River field is located in southcentral Alaska and constitutes 
the most important resource of the Gulf of Alaska coal province. It strad- 
dles the border between the Cordova and Bering Glacier Quadrangles (fig. 36). 
The field is 12 mi northeast of Katalla, 50 miles east of Cordova, and 200 mi 
east of Anchorage. 

Area - 
The belt of coal-bearing rocks extends northeast from the east shore of 

Bering Lake 20 mi and disappears under the ice fields of the Chugach Range. 
The coal field varies from 2 - 6 mi wide and incorporates a total estimated 
area of 80 square miles (fig. 36). 

Mining History 

The Bering River field was discovered in 1896 (table 20). Extensive 
exploration and testing of the coals was conducted during the early 1900's. 
Despite numerous surface and underground prospects, no commercial mines have 
been developed. Total production from the field to date is estimated at a 
few thousand short tons. 

In recent years, the Chugach Alaska Corporation, in association with the 
Korea-Alaska Development Corporation, has been studying the feasibility of 
developing a coal mine in the Bering River field to produce coal for export 
(fig. 37). A tentative mine plan calls for the use of a combination of 
open-pit and underground mining methods. 

The Bering River field is defined by the outcrop extent of the Kushtaka 
Formation, a dominantly arkosic Tertiary (Eocene-early Miocene) sequence that 
also includes feldspathic sandstones, siltstones, shales, and coal beds 
(table 21). The formation is about 2,000-ft thick (fig. 38). 

The geologic structure of the coal field is complex with dips of beds 
averaging 40' .  The coals occur in a highly compressed series of isoclinal, 
chevron-like folds incorporated into an imbrication or pinching-and-swelling 
selvage along one of numerous bedding-plane faults (fig. 39). The beds are 
thinned by tectonic lensing to form "schlieren" (fig. 40) and tectonically 
thickened at the axes of folds (fig. 41). 

Access 

The Bering River field is about 25 miles from tidewater. It can be 
considered a "green-field" energy development since it lacks existing 





Table  20. Chronology of e v e n t s  i n  coal-development h i s t o r y  of t h e  Bering 
River  f i e l d .  

1981- 
p r e s e n t  

Coal i s  d i scovered  i n  t h e  a r e a  of t h e  Bering River  f i e l d .  
Coal Claims Act i s  r a t i f i e d  a l l o w i n g  coal-c la im l o c a t i o n s  wi thout  

p r i o r  su rveys .  Coal c la ims  i n  t h e  Ber ing River  f i e l d  a r e  
r e f i l e d  under t h e  a c t .  

P r e s i d e n t  Theodore Roosevel t  c l o s e s  Alaska p u b l i c  l and  t o  e n t r y  
under c o a l  laws due t o  t h e  Ba l l inger -P incho t  feud o v e r  t h e  
Bering River  f i e l d  c o a l  c l a i m s .  

U.S. Bureau of Mines, F o r e s t  S e r v i c e ,  and Geolog ica l  Survey conduct 
e x t e n s i v e  s t u d i e s  on t h e  Ber ing River  f i e l d  c o a l s  f o r  t h e  Navy. 
S i x  major  t u n n e l s  a r e  d r i v e n  i n  t h e  Carbon Creek a r e a ,  and o v e r  
150 p r o s p e c t s  a r e  opened. S i x  r a i l r o a d s  a r e  surveyed t o  develop 
t h e  Ber ing River  f i e l d .  

S i x  hundred t o n s  of c o a l  a r e  mined from t h e  McDonald P r o p e r t y  on 
Ber ing Lake and used i n  Cordova. 

Alaska Coal and Petroleum Company d r i v e s  a 1 ,000-f t  t u n n e l  a t  t h e  
Davis Mine on t h e  A.B .  Hunt Claim, Bering River  f i e l d .  

Cordova 'Coal P a r t y '  i s  h e l d  i n  which imported c o a l  i s  shoveled 
i n t o  t h e  h a r b o r  by angry r e s i d e n t s  i n  p r o t e s t  of f e d e r a l  c o a l  
p o l i c i e s .  P incho t  i s  burned i n  e f f i g y  a t  K a t a l l a .  

The U.S. Navy b e g i n s  c o a l  i n v e s t i g a t i o n s  i n  t h e  Bering River  f i e l d .  
The U.S. Navy t e s t s  Bering River  c o a l  f o r  n a v a l  use .  
The Jewel  Ridge Coal Company of Tazewel l ,  V i r g i n i a  reopens  t h e  o l d  

underground workings on Carbon and Trout  Creeks i n  t h e  Ber ing 
River  f i e l d .  

E x p l o r a t i o n  and mine f e a s i b i l i t y  s t u d i e s  by Bering Development 
Corpora t ion .  



Figure 3 7 .  Coal core from Bering Development Corporation's drilling project 
in the Bering Ri-ver  r i c l d ,  1 9 8 4 .  (Photo courtesy of Bering Development 
Corporation.) 



Table 21. Generalized section of rocks in the Bering River coal field 
(modified from Barnes, 1951). 

Age Format ion Character of rocks Thickness 
(feet) 

Quaternary Stream deposits, lake sedi- 
ments, morainal deposits, 
marine silt and clay 

Tertiary or later Diabase and basalt dikes 
-- 

To kun Sandstone 
Shale 

Kus ht aka Arkose with many coal beds 2,500k 

Tertiary 
- - - -- - - - - - 

Stillwater Shale and sandstone 

Conglomerates, sandstones, and 
shales 2,500 

1 
Sandstone 500 

Katalla Shale, concretionary 2,000 
Sands tone 1,000 
Shale 500+ 

Pre-Tertiary Graywacke, slates, and igneous 
rocks 



Formation Section Thicknew 

TOKUN I 1 

UPPER 

UPPER MIDDLE 

LOWER MIDDLE 

LOWER 

Lithology 

MEDIUM- TO COARSE-GRAIN 
SANDSTONE, THIN COAL 

SHALE CLASTS 
MEDNMGRAIN SANDSTONE 

FINE- TO MEDIUM-GRAIN 
SANDSTONE, THIN COAL 

SILTSTQNE, SHALE. COAL 

MEDIUM- TO COARSE-GRAIN 
SANDSTONE, THICK COAL 

FINE-GRAIN SANDSTONE WITH 
MEDIUMGRAIN SANDSTONE 

Figure 38 .  S tra t igraphy  o f  the  Kushtaka Formation (after Smith  and Rao, 
1 9 8 7 ) .  
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I I SCALE 1 : WOO 
LEGEND 

Tokun Formation 

Ku.ht&a Formation 

- Fault 
- - - - - - - .a  Con- 

- Cod 

Diunond Drill Hole 

Figure 39. Cross section from the Carbon Ridge area (modified from Smith and 
Rao, 1987). 



F i g u r e  40. F o l d i n g  i n  coa! b e d s  i n  t h e  Carbon Mountain area ,  Ber ing  R i v e r  
f i e l d ,  (Photo  by R . B .  S a n d e r s ,  1973. )  



Figure  41 .  The 'Queen t ' e i n , '  a 2 8 - f t  t h i c k  c o a l  seam o f  t h e  Ber ing River  
1 .  iPt :oto  b y  R.B. S a n d e r s ,  1 9 7 3 . )  



i n f r a s t r u c t u r e  and w i l l  r e q u i r e  t h e  c o n s t r u c t i o n  of  a n  over land  t r a n s p o r t a -  
t i o n  system. T h i s  sys tem would l i k e l y  c o n s i s t  of  a  conveyor o r  a e r i a l  
tramway t o  t r a n s p o r t  t h e  c o a l  from t h e  mine t o  a  s t o r a g e  f a c i l i t y  a t  a marine 
t e r m i n a l  on t h e  s o u t h e a s t  t i p  of Kanak I s l a n d  where i t  would be  loaded on 
s h i p s  f o r  e x p o r t .  I n  a d d i t i o n ,  a n  a c c e s s  road would be b u i l t  t o  connect  t h e  
mine f a c i l i t i e s  w i t h  t h e  road  t o  Cordova. 

Coal QualiCy 

The c o a l s  of  t h e  Ber ing River  a r e  g r e a t l y  d e v o l a t i l i z e d  due t o  low-grade 
r e g i o n a l  metamorphism. The rank of t h e  c o a l s  i n c r e a s e s  t o  t h e  e a s t  w i t h  t h e  
i n t e n s i t y  of de fo rmat ion .  Table  2 2  summarizes t h e  o v e r a l l  q u a l i t y  of Ber ing 
River  f i e l d  b i tuminous  c o a l s  and a n t h r a c i t e s .  

Coal P e t r o l o g y  

Because of  t h e  h igh-rank of  t h e  c o a l s  of t h e  Ber ing River  f i e l d ,  macera l  
a n a l y s e s  a r e  of  l i t t l e  b e n e f i t  (Smith and Rao, 1987).  Although some samples  
r e t a i n  remnant morpho log ica l  s t r u c t u r e s  o f  v a r i o u s  m a c e r a l s ,  t h e  c o a l s  a r e  
o v e r a l l  p e t r o l o g i c a l l y  s i m i l a r  and morpho log ica l ly  homogeneous. 

Coal Resources  

Coal r e s o u r c e s  o f  t h e  Ber ing River  f i e l d  a r e  c o n c e n t r a t e d  i n  f o u r  main 
a r e a s :  Carbon Creek,  Trou t  Creek,  C l e a r  CreekICunningham Ridge, and Carbon 
Mountain. The Carbon Creek a r e a  i s  t h e  most promis ing i n  s i z e  and p h y s i c a l  
c o n d i t i o n  of beds .  A t  l e a s t  20 c o a l  beds  a r e  confirmed r a n g i n g  from 5 f t  t o  
10  f t  t h i c k .  Lenses  30-60 f t  t h i c k  o c c u r  l o c a l l y .  

Resources  a r e  summarized as f o l l o w s  (overburden 0-3,000 f t ) :  

Measured : 60 m i l l i o n  s h o r t  t o n s  
I d e n t i f i e d :  160 m i l l i o n  s h o r t  t o n s  
H y p o t h e t i c a l :  3.5 b i l l i o n  s h o r t  t o n s  

Mining P o t e n t i a l  

Because of  t h e  s t r u c t u r a l  complexi ty  of  t h e  Ber ing River  f i e l d ,  
r e s o u r c e s  t y p i c a l l y  have t o  be c a l c u l a t e d  based on a c o a l / c o u n t r y  r o c k  r a t i o .  
Mass mining of  l a r g e  b l o c k s  may be r e q u i r e d  fol lowed by subsequent  s e p a r a t i o n  
of t h e  c o a l s  by f l o t a t i o n  o r  o t h e r  washing sys tems .  

The Chugach Alaska Corpora t ion  h a s  been s t u d y i n g  t h e  f e a s i b i l i t y  of  
deve lop ing  a  c o a l  mine i n  t h e  f i e l d .  The Korea Alaska Development Corpo- 
r a t i o n  h a s  been formed a s  a  j o i n t  v e n t u r e  p a r t n e r s h i p  t o  pursue  development.  
A p r e l i m i n a r y  s t u d y  by Wheelabra tor  Coal S e r v i c e s  Company (1984) e s t i m a t e d  an 
FOB l o a d i n g  t e r m i n a l  p r i c e  of $62 p e r  t o n  f o r  c o a l  produced a t  t h e  mine. 



Table 22. Summary of quality parameters of Bering River field coals. 

Rank: Ranges from low-volatile bituminous in the western part of the field - 
to seminanthracite and anthracite in the eastern part. 

Heating content: Range---11,000-15,000 Btullb 
Average---14,000 Btullb 

Mean-maximum vitrinite reflectance (Ro 
max ' %) :  1.63-2.66; locally to 9.46 

Proximate analysis: Range (2)  Average 

Moisture 0.01-1.80 
Volatile matter 2.67-16.15 
Fixed carbon 63.51-85.03 
Ash 1.14-22.46 

Ultimate analvsis: 

Sulfur 
Carbon 
Hydrogen 
Nitrogen 
Oxygen 
Ash 

Major-oxide composition of ash (avg., 2 ) :  

CaO - 7.02 

Na20 - 1.00 

Ti02 - 1.00 

A1203 - 20.82 

K2° - 1.29 

2'5 - 1.84 

MnO - 0.10 

Undet. - 10.86 

Trace elements in coal ash (avg., ppm): 

Barium 1850 
Beryllium 10.5 
Chromium 246 
Cobalt 8 6 
Copper 166 



Table 22 (con.) 

Nickel 273 
Strontium 4282 
Vanadium 198 
Zinc 677 
Zirconium 232 

Free-swelling index: 0-2.5 

Coking potential: It is questionable whether the low-volatile bituminous 
coals possess coking properties, but it is expected that a good coke can be - .  . 

produced by blending the low-volatile bituminous coals with-other high- 
volatile bituminous coals. 

Metallurgical character: Possible source of high-grade metallurgical coal. 



ALASKA PENINSULA PROVINCE 

Chignik F i e l d  

Loca t ion  

The Chignik f i e l d  i s  l o c a t e d  on t h e  nor thwes t  s h o r e  of Chignik Bay, 
i n d e n t i n g  t h e  s o u t h e r n  ( P a c i f i c  Ocean) s i d e  of t h e  Alaska Pen insu la  ( f i g .  
42) .  It i s  about  250 m i  southwest  of Kodiak, Alaska and 100 m i  n o r t h e a s t  of 
t h e  Herendeen Bay f i e l d .  

Area - 
The b e l t  of  coa l -bear ing  rocks  i s  about  30 m i  l ong  and 1-6 m i  wide.  The 

f i e l d  i n c o r p o r a t e s  a  t o t a l  e s t i m a t e d  a r e a  of 100 square  m i l e s  ( f i g .  43) .  

Mining H i s t o r y  

Coal was f i r s t  d i scovered  on t h e  banks of t h e  Chignik River  i n  1885. I n  
1893, t h e  Alaska Mining and Development Company opened a  s m a l l  c o a l  mine on 
Anchorage Bay n e a r  Chignik  Lagoon, and the  Alaska p a c k e r ' s  A s s o c i a t i o n  opened 
t h e  Chignik River  Mine t o  produce c o a l  f o r  t h e  l o c a l  f i s h  cannery and f o r  
s t eamers  ( f i g .  44) .  The Chignik River  Mine o p e r a t e d  u n t i l  1911. The Alaska 
Pen insu la  Mining and Trading Company opened t h e  Hook Bay Mine i n  1908 ( f i g .  
45) .  S e v e r a l  o t h e r  s m a l l  underground mines and p r o s p e c t s  were opened i n  t h e  
e a r l y  1900's  i n c l u d i n g  Thompson Val ley ( f i g .  46) and Whaler ' s  Creek b u t  
accounted f o r  v e r y  l i t t l e  p roduc t ion .  There has  been no mining a c t i v i t y  
s i n c e .  

Although t h e r e  h a s  been l i m i t e d  e x p l o r a t i o n  i n  r e c e n t  y e a r s ,  t h e  
m i n e a b i l i t y  of most a r e a s  h a s  n o t  been thoroughly  i n v e s t i g a t e d .  I n  1980-81, 
Resource A s s o c i a t e s ' o f  Alaska,  I n c .  ( a  s u b s i d i a r y  of NERCO M i n e r a l s  Company) 
exp lored  s e v e r a l  a r e a s  i n  t h e  Chignik f i e l d  f o r  t h e  B r i s t o l  Bay Nat ive  
Corpora t ion ,  t h e  c h i e f  l andholder  i n  t h e  a r e a ,  and o u t l i n e d  s e v e r a l  s m a l l  
p o t e n t i a l  mining b l o c k s .  

Access 

Although t h e  Chignik  f i e l d  i s  a c c e s s i b l e  t o  t i d e w a t e r ,  Chignik  Bay 
i t s e l f  c u r r e n t l y  o f f e r s  no s u i t a b l e  h a r b o r  f a c i l i t i e s  f o r  l a r g e - d r a f t  
v e s s e l s .  The most l i k e l y  s c e n a r i o  f o r  c o a l  shipment would r e q u i r e  t h e  
c o n s t r u c t i o n  of a n  over land  t r a n s p o r t a t i o n  system ( a c c e s s  road and conveyor 
o r  a e r i a l  tramway) through a  low p a s s  t o  t h e  head of Kuiukta  Bay, l o c a t e d  
about  5  m i  s o u t h  of t h e  southwest  end of t h e  c o a l  b e l t  ( f i g .  4 2 ) .  

Geology 

The c o a l  d e p o s i t s  of t h e  Chignik f i e l d  a r e  conf ined  l a r g e l y  t o  t h e  Coal 
Va l ley  Member of t h e  L a t e  Cretaceous  Chignik Formation ( f i g .  47) .  Th i s  
c y c l i c  n e a r s h o r e  marine  and nonmarine u n i t  i s  composed of sands tone ,  pebble- 
cobble  conglomerate ,  s i l t s t o n e ,  s h a l e ,  and numerous c o a l  beds  ( f i g .  48).  The 



HERENDEEN 

Figure 42. Index map of the southern Alaska Peninsula showing the locations 
of the Herendeen Bay and Chignik coal fields (modified from Merritt and 
Hawley, 1986). 
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F i g u r e  4 4 .  Ch ign ik  Bay mine  a d i t ,  Ch ign ik  f i e l d .  ( P h o t o  by J . G .  C lough,  
1 9 8 4 .  ) 



F i g u r e  45.  Hook Bay,  C h i g n i k .  f i e l d  c o a l - b e a r i n g  o u t c r o p  n e a r  t h e  s i t e  of  t h e  
Hook Bay m i n e  u p r n s a  i n  1908. (Pho to  b y  R . D .  M e r r i t t ,  1 9 8 4 . )  
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F i g u r e  4 6 .  Lower c o d L  l . d r ~ z o n  a t  Thompson V a l l e y ,  C h i g n i k  field, Alaska 
Peninsula. This - t l t K  p r e v i c u s l y  s u p p o r t e d  a s m a l l  m ine .  (Pho to  by K.D. 
b l e r r i t t  , 1984 . )  



Hoodoo Formation 

UPPER 
CRETACEOUS 

I I Chignik Formation I 
HIATUS 

CRETACEOUS 

UPPER 
JURASSIC Naknek Fonnation 

Figure 47. Generalized stratigraphy in the Chignik coal field. Kcc = Coal 
Valley Eember, Chignik Formation (after Vorobik and others, 1981). 
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U w e r  Coal 
Mma8ure 

F i g u r e  48. D e t a i l e d  c o r r e l a t i o n  s e c t i o n s  of Chignik  c o a l  f i e l d  (from M e r r i t t  
and McGee, 1986).  
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s t r a t a  a r e  modera te ly  f o l d e d  and l o c a l l y  f a u l t e d .  Dips v a r y  g e n e r a l l y  from 
20" t o  35".  

Coal Q u a l i t y  and P e t r o l o g y  

Tab les  23 through 25 summarize t h e  q u a l i t y  and p e t r o l o g i c  composi t ion of 
Chignik  f i e l d  c o a l s ,  i n c l u d i n g  v i t r i n i t e  r e f l e c t a n c e  d a t a  f o r  r a n k  a s s e s s -  
ment. 

Coal Resources  

Coal r e s o u r c e s  a r e  c o n c e n t r a t e d  i n  f o u r  main a r e a s :  Chignik  R i v e r ,  
Whaler ' s  Creek,  Thompson Va l ley ,  and Hook Bay. Coal beds  range t o  7 - f t  
t h i c k ,  b u t  a r e  t y p i c a l l y  abou t  3 - i t  t h i c k .  

Resources  a r e  summarized a s  f o l l o w s  (overburden 0-2,000 f t ) :  

Measured: 10 m i l l i o n  s h o r t  t o n s  
I d e n t i f i e d :  230 m i l l i o n  s h o r t  t o n s  
H y p o t h e t i c a l :  1 .5  b i l l i o n  s h o r t  t o n s  

Herendeen Bay F i e l d  

Loca t ion  

The Herendeen Bay f i e l d  i s  l o c a t e d  on t h e  n o r t h  s h o r e  (Ber ing Sea s i d e )  
o f  t h e  Alaska P e n i n s u l a  between Herendeen Bay and P o r t  Mol le r  ( f i g .  42) .  I t  
i s  about  350 m i  southwest  of  Kodiak and 100 m i  southwest  of  t h e  Chignik  
f i e l d .  

Area 

The b e l t  of  c o a l - b e a r i n g  r o c k s  is  abou t  25 m i  l ong  and 5  m i  wide .  The 
f i e l d  i n c o r p o r a t e s  a  t o t a l  a r e a  of 100 s q u a r e  m i l e s  ( f i g .  4 9 ) .  

Mining H i s t o r y  

Between 1889-1904 t h e  Herendeen Bay f i e l d  was t h e  s i t e  of  l o c a l  c o a l  
development,  s m a l l - s c a l e  mining,  and underground e x p l o r a t i o n .  Mine Harbor 
was t h e  main f o c u s  of  a c t i v i t y .  However, v e r y  l i t t l e  commercial p r o d u c t i o n  
occur red .  

Access 

The Herendeen Bay f i e l d  i s  r e a d i l y  a c c e s s i b l e  t o  t i d e w a t e r ,  b u t  
Herendeen Bay i s  blocked by i c e  s e v e r a l  months each y e a r .  The most l i k e l y  
s c e n a r i o  f o r  c o a l  shipment would r e q u i r e  t h e  c o n s t r u c t i o n  of an over land  
t r a n s p o r t a t i o n  system ( r o a d ,  r a i l ,  conveyor,  a e r i a l  tramway, o r  s l u r r y  
p i p e l i n e )  some 15 m i  through a  low p a s s  t o  Balboa Bay on t h e  P a c i f i c  s i d e  of 
t h e  p e n i n s u l a  ( f i g .  42)  . 



Table 23. Summary of q u a l i t y  pa ramete r s  of Chignik  f i e l d ,  Alaska Pen insu la  
c o a l s .  

Rank: High v o l a t i l e  b i turc inous ,  t y p i c a l l y  hvBb - 
Heat ing c o n t e n t :  Range---8,800-13,750 B t u / l b  

Average---11,800 B t u / l b  

Mean-maximum v i t r i n i t e  r e f l e c t a n c e  (Ro 
max ' X) : 

Proximate a n a l y s i s :  Range ( X )  Average (2) 

Mois tu re  1.09-6.97 4.40 
V o l a t i l e  m a t t e r  25.54-40.61 36.33 
Fixed carbon 37.86-57.08 47.66 
Ash 4.15-30.56 11.61 

Ul t ima te  a n a l y s i s :  

S u l f u r  
Carbon 
Hydrogen 
Ni t rogen  
Oxygen 
Ash 

Major-oxide composi t ion of  a s h  (avg . ,  2 ) :  

S i 0 2  - 42.0 

*l2'3 - 29.3 

S03 - 5.9 

Fe203 - 5.6 

CaO - 4.0 

Na20 - 0.2 

MnO - 0 .1  

Undet. - 8 .0  



Table 23 (con. ) 

Trace elements in coal ash (avg., ppm): 

Barium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Gallium 
Lead 
Lithium 
Manganese 
Molybdenum 
Nickel 
Scandium 
Strontium 
Vanadium 
Ytterbium 
Yttrium 
Zinc 
Zirconium 

Trace elements in coal (avg., ppm): 

Antimony 0 . 3  
Arsenic 3.7  
Fluorine 6 5 
Mercury 0 . 0 9  
Selenium 0.4  
Thorium 4.0  
Uranium 1.1 

Fusibility of ash (OF): 

Initial deformation 2794 
Softening temperature 2800+ 
Fluid temperature 2800+ 

Free-swelling index: 0-1.5 

Hardgrove grindability index: 46 

Coking potential: Poor caking and coking properties. 



Table 24. Average petrologic coniposition of Chignik 
field, Alaska Peninsula coals (volume, miner- 
al-matter-free basis). 

Maceral 

Vitrinite 
Gelinite 
Corpocollinite 
Vitrodetrinite 
Total vitrinite 

Fusinite 
Semifusinite 
Sclerotinite 
Macrinite 
Inertodetrinite 
Total inertinite 

Cutinite 
Sporinite 
Resinite 
Exsudatinite 
Suberinite 
Algini te 
Liptodetrinite 
Total liptinite 

Content (%I 



Table  25. Mean-maximum v i t r i n i t e  r e f l e c -  
t a n c e  v a l u e s  of  Chignik  f i e l d  c o a l s .  
See f i g u r e  43 f o r  l o c a t i o n s .  

L o c a l i t y  Eo ( W )  
max 





Geology 

The high-rank c o a l  d e p o s i t s  of t h e  Herendeen Bay f i e l d  a r e  conf ined  
l a r g e l y  t o  t h e  Coal  Va l l ey  Hember of  t h e  La te  Cre taceous  Chignik Formation 
( f i g ,  50) .  T y p i c a l  s e c t i o n s  of c o a l - b e a r i n g  s t r a t a  a r e  shown i n  f i g u r e  51,  
and s e v e r a l  seams from t h e  Mine Harbor a r e a  i n  f i g u r e  52. Beds a r e  
modera te ly  f o l d e d  and l o c a l l y  broken by smal l - sca le  f a u l t s .  

Coal Q u a l i t y  and P e t r o l o g y  

Tab les  26 th rough  28 summarize t h e  q u a l i t y  and p e t r o l o g y  of Herendeen 
Bay f i e l d  c o a l s ,  i n c l u d i n g  v i t r i n i t e  r e f l e c t a n c e  d a t a  f o r  c o a l  r a n k  a s s e s s -  
ment. 

Coal  Resources  

Coal r e s o u r c e s  a r e  c o n c e n t r a t e d  i n  f i v e  main a r e a s :  Main CreekIMine 
Harbor,  Coal Bluff  ( f i g .  5 3 ) ,  Coal Va l l ey /S tan iukov ich  Mountain ( f i g .  5 4 ) ,  
Lawrence Va l l ey  and Coal P o i n t .  There a r e  a  l a r g e  number of  c l o s e l y  spaced 
c o a l  beds  t o  7 - f t  t h i c k .  Beds g e n e r a l l y  average  2-4 f t  t h i c k  ( f i g .  41) .  One 
s e c t i o n  i n c l u d e s  a n  a g g r e g a t e  26 f t  of c o a l  i n  200 f t  of  s t r a t a .  

Resources  a r e  summarized a s  f o l l o w s  (overburden 0-2,000 f t ) :  

Measured : 10 m i l l i o n  s h o r t  t o n s  
I d e n t i f i e d :  130 m i l l i o n  s h o r t  t o n s  
H y p o t h e t i c a l :  1 .5  b i l l i o n  s h o r t  t o n s  

SOUTHWEST ALASKA/KUSKOKWIM REGION 

F l a t  

Coal i s  found a t  F l a t  i n  southwest  Alaska,  s o u t h  of  t h e  Yukon R i v e r .  
Coal was mined a t  one s i t e ,  t h e  I d i t a r o d  Mine, from 1914 t o  1916. The mine 
produced c o a l  from two sha l low s h a f t s  and t r a n s p o r t e d  i t  on a  tramway between 
F l a t  and I d i t a r o d .  

The Cre taceous  a n t h r a c i t i c  c o a l s  r ange  t o  over  3 - f t  t h i c k  and occur  i n  a  
s h e a r  zone;  some s u r f a c e s  a r e  s l i c k e n s i d e d .  

The m i n e a b i l i t y  of  t h e  c o a l s  h a s  n o t  been thorough ly  i n v e s t i g a t e d  
a l t h o u g h  t r a n s p o r t a t i o n  c o s t s  would be  h igh .  The c o a l  would have t o  be  
c a r r i e d  by s h a l l o w - d r a f t  r i v e r  b a r g e s  of 500 t o n s  o r  l e s s .  

Eek River  

Coal  was d i s c o v e r e d  by p l a c e r  miners  on t h e  Eek River  of  t h e  lower 
Kuskokwim r e g i o n ,  southwest  Alaska i n  1912 (Holzheimer,  1926).  I s o l a t e d  
c o a l - b e a r i n g  o u t c r o p s  a r e  l o c a t e d  on t h e  n o r t h  f o r k  of  Eek R i v e r  45 m i l e s  i n  
a  s t r a i g h t  l i n e  from i t s  mouth and about  125 m i  ups t ream.  The Eek River  
f lows  wes t  i n t o  Kuskokwim Bay about  50 m i  below B e t h e l  a t  Eek I s l a n d .  



Figure 50. Generalized stratigraphy in the Herendeen Bay coal field (modified 
after Burk, 1965; Moore, 1974; and Mancini and others, 1978). 
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Figure 51. Detailed correlation sections of the Herendeen Bay coal field. 
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F i g u r e  52.  Coa l  senrrs a t  Yine  E a r b o r ,  Herendeen Ray f i e l d .  
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Table 26. Summary of quality parameters of Herendeen Bay field, Alaska 
Peninsula coals. 

Rank: High volatile bituminous, typically hvBb - 
Heating content: Range---8,400-12,900 Btullb 

Average---11,060 Btu/lb 

Mean-maximum vitrinite reflectance (Ro max ' 2) : 

Proximate analysis: Range (2)  

Moisture 1.80-10.09 
Volatile matter 28.41-48.95 
Fixed carbon 29.88-57.89 
Ash 2.52-33.23 

Ultimate analysis: 

Sulfur 
Carbon 
Nitrogen 
Hydrogen 
Oxygen 
Ash 

Major-oxide composition of ash (avg., %): 

S io2 - 
A1203 - 
CaO - 
Fe203 - 
Ti02 - 
MgO - 

S03 
- 

K2° 
- 

2'5 
- 

Na20 - 
MnO - 
Undet. - 

Average (2) 



T a b l e  26 ( c o n . ,  

Trace elements in coal ash 

Barium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Gallium 
Lead 
Lithium 
Manganese 
Molybdenum 
Nickel 
Scandium 
Strontium 
Vanadium 
Ytterbium 
Yttrium 
Zinc 
Zirconium 

Trace elements in coal (avg., ppm): 

Antimony 0.9 
Arsenic 4.8 
Fluorine 143 
Mercury 0.05 
Selenium 0.7 
Thorium 3 
Uranium 1.6 

Fusibility of ash ( O F ) :  

Initial deformat ion 2 70 1 
Softening temperature 2800+ 
Fluid temperature 2800+ 

Free-swelling index: 0-1.5 

Hardgrove grindability index: - 52 

Coking potential: P o ~ r  caking and coking properties. 



Table 7 .  Average petrclogic conipos i t ion of 
Herendeer, Eay field c o a l s  (trolume, m i n e r a l -  
matter-free basis). 

Maceral 

Vitrinite 
Pseudovitrinite 
Gelinit e 
Corpocollinite 
Vitrodetrinite 
Total vitrinite 

Fusinite 
Semifusinite 
Sclerotinite 
Macrinite 
Inertodetrinite 
Total inertinite 

Cutinite 
Sporinite 
Resinite 
Exsudatinite 
Suberinite 
Liptodetrinite 
Total liptinite 

Content ( 2 )  

Table 28. Mean-maximum vitrinite reflec- 
tance values of Herendeen Bay field 
coals. See figure 49 for sample 
locations. 

Locality Ro (%) 
max - 



F i g u r e  53. Coal B l u f f ,  t ieter.deer,  Eay field coal-bearing section. (Photo by 
k . C .  P l e r r i t t ,  1 9 P L . )  
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F i g u r e  54. S t a n i v k o v i c l i  :.lcc;r:tair: c o a l - b e a r i n g  s e c t i o n ,  Herer~deer :  I32y f i . e l  d .  
i : ' l ) c ' t c .  K.D. Y e r - r i t t ,  1 '384 . )  
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The c o a l s  of t h e  Cre taceous  Kuskokwim Group a r e  l e s s  t h a n  3 - f t  t h i c k  and 
d i p  a t  45 ' .  They a r e  h igh-ash and low-moisture b i tuminous  c o a l s .  Overburden 
c o n s i s t s  of  medium-grained, s i l i c e o u s  s a n d s t o n e ,  conglomerate ,  b l a c k  
carbonaceous  s h a l e  and s i l t s t o n e .  

Nunivak and Nelson I s l a n d s  

Two d i s t r i c t s  of southwest  Alaska a r e  Nunivak I s l a n d  and Nelson I s l a n d .  
The Nelson I s l a n d  d i s t r i c t  i s  l o c a t e d  on t h e  wes t  s i d e  of t h e  i s l a n d  i n c l u d -  
i n g  o c c u r r e n c e s  a t  Tanunak and Toksook Bay. The Nunivak I s l a n d  d i s t r i c t  i s  
l o c a t e d  a t  Mekoryuk on i t s  n o r t h  s h o r e  abou t  10 m i  southwest  of  Cape E t o l i n .  
Coal o c c u r r e n c e s  h e r e  were r e p o r t e d  abou t  1900 and a  few t o n s  of c o a l  have 
been mined i n  t h e  p a s t  f o r  l o c a l  u s e .  

The c o a l s  a r e  of Cre taceous  age  and a r e  g e n e r a l l y  l e s s  than  2 - f t  t h i c k .  
They d i p  from 5" t o  10" i n  o u t c r o p .  The high-ash b i tuminous  c o a l s  e x h i b i t  
f a i r  t o  good agg lomera t ing  p r o p e r t i e s .  

T o t a l  r e s o u r c e s  a r e  a p p a r e n t l y  s m a l l .  The m i n e a b i l i t y  of t h e  c o a l s  have 
n o t  been thorough ly  i n v e s t i g a t e d  l a r g e l y  due t o  l a n d - s t a t u s  problems. 

Anvik R i v e r  

A t  l e a s t  one  10- f t  b i tuminous  c o a l  bed and s e v e r a l  o t h e r  2-f t  beds  a r e  
found on t h e  Anvik R i v e r ,  abou t  100 m i  above i t s  mouth. The beds  a r e  of 
Cre taceous  age  and have had some minor l o c a l  p r o d u c t i o n .  

SOUTHEAST ALASKA 

Angoon D i s t r i c t  

The Angoon d i s t r i c t  i s  l o c a t e d  on t h e  n o r t h  and s o u t h  s i d e s  of  
Kootznahoo I n l e t ,  wes t  s i d e  of  Admiral ty  I s l a n d ,  some 60 m i  s o u t h  o f  Juneau.  
Coal-bear ing r o c k s  u n d e r l i e  approximatel-y 20 s q u a r e  m i l e s  w i t h i n  t h e  c o n f i n e s  
of  t h e  Tongass N a t i o n a l  F o r e s t .  

I n  1862, t h e  f i r s t  c o a l  mined i n  s o u t h e a s t  Alaska and some of  t h e  f i r s t  
mined i n  Alaska was a t  t h e  Sepphagen Mine l o c a t e d  on Kootznahoo I n l e t .  I n  
1869 t h e  U.S.S. Saginaw o b t a i n e d  c o a l  h e r e  f o r  f u e l .  The Harkrader  Mine 
opened i n  1928 on an i n c l i n e d  s h a f t  s e v e r a l  hundred f t  deep and e x t r a c t e d  
c o a l  th roughout  1929 b u t  i t  c l o s e d  t h e r e a f t e r  due t o  f i n a n c i a l  problems. A 
s m a l l  amount of  c o a l  from t h e  mine was sh ipped  t o  Juneau.  T o t a l  p a s t  produc- 
t i o n  was l e s s  t h a n  1,000 tons .  

The Ter t i a ry -aged  c o a l - b e a r i n g  r o c k s  a r e  moderate ly  deformed and f a u l t e d  
b u t  l o c a l l y  o n l y  g e n t l y  f o l d e d  and n e a r l y  h o r i z o n t a l .  Coal  beds  v a r y  from 
2-3 f t  t h i c k  b u t  o f t e n  c o n t a i n  s h a l e  p a r t i n g s .  The c o a l s  a r e  of  b i tuminous  
rank ,  t y p i c a l l y  h i g h  v o l a t i l e  B b i tuminous .  General  c o a l - q u a l i t y  is  a s  
f o l l o w s  : 



Moisture  3.8-6.5% 
V o l a t i l e  m a t t e r  34-352 
Fixed carbon 36-40% 
Ash 21.5-232 
S u l f u r  0.9-1.32 
Hea t ing  c o n t e n t  9,930-10,630 B t u / l b  

( a s  r e c ' d )  
Hear ing c o n t e n t  13,900 B t u / l b  

( m o i s t ,  mmf) 
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APPENDIX - EXPLAKATIOX 

A. Elements of Coal Quality 

Rank. Rank refers to the degree of metamorphism of coal. It is the basis of - 
coal classification in the natural series from lignite to anthracite. 
Higher rank reflects greater metamorphism. Bituminous coals and 
anthracites are considered to be of high-rank, and subbituminous coals 
and lignites are low-rank. The classes of high-rank coals are listed in 
the table below: 

ASTM* 
Abbreviation - - - - -  ---- --- Rank** - - 

ma meta-anthracite 
an anthracite 
sa semianthracite 
lvb 
mvb 
hvAb 

low volatile bituminous 
medium volatile bituminous 
high volatile A bituminous 
high volatile B bituminous 
high volatile C bituminous 

- - - - - - - - * American Society for Testing and Materials. 
**Rank decreases in order from top to bottom. 

Heating content or heating value. Heating content refers to the amount of 
heat obtainable from coal-expressed in British thermal units per pound. 
It is determined by the use of an adiabatic bomb calorimeter, and 
represents a measurement of the temperature rise after the combustion of 
a coal sample in an oxygen bomb. 

Vitrinite reflectance. Vitrinite reflectance is a measurement of the extent 
to which light is reflected from the surface of a polished coal sample. - 

The measurements are made on the vitrinitic n~aceral components of the 
coal substance and are used in the determination of rank and coking 
characteristics cf coal. Maximum reflectances are measured in oil for 
at least 100 vitrinite particles. 

Proximate analysis. A proximate analysis of coal includes determinations of 
the moisture-; volatile matter, ash, and fixed carbon (by difference) 
contents by prescribed methods. A complete proximate analysis is 
reported on as-received, moisture-free, and moisture- and ash-free bases 
and totals 100 percent. Sometimes, they are reported on an 
equilibrium-bed-moisture basis as well. Unless otherwise stated, they 
should generally be assumed to be on an as-received basis. 

Moisture content. Moisture includes the surface moisture that can be 
removed by natural drying, and the inherent moisture that is 
structurally contained in the coal substance. Surficial water on 
coal is free or adherent. Inherent moisture is physically held by 
vapor pressure or other phenomena. The total moisture content also 
includes chemically-bound water. The equilibrium or bed moisture 



( f o r  c l a s s i f i c a t i o n  by rank)  i s  t h e  i n h e r e n t  n o i s t u r e - h o l d i n g  
c a p a c i t y  of a g i v e n  c o a l  ( i n  s i t u )  measured a t  30°C w i t h  a  9 7  
p e r c e n t  r e l a t i v e  humidi ty  a tmosphere .  

V o l a t i l e  m a t t e r  c o n t e n t .  V o l a t i l e  m a t t e r  i n c l u d e s  s u b s t a n c e s  i n  c o a l  - -- 
o t h e r  t h a n  m o i s t u r e  t h a t  a r e  g iven  o f f  a s  g a s  and vapor  d u r i n g  
combustion.  

Ash c o n t e n t .  The a s h  c o n t e n t  of  a  c o a l  i s  t h e  p e r c e n t a g e  o f  
incombus t ib le  m a t e r i a l  i n  c o a l  determined under s t a n d a r d i z e d  
c o n d i t i o n s  by b u r n i n g  a  sample and measuring t h e  a s h .  

Fixed carbon c o n t e n t .  Fixed carbon i s  t h e  s o l i d  combus t ib le  m a t t e r  of 
c o a l  remaining a f t e r  t h e  removal of m o i s t u r e ,  v o l a t i l e  m a t t e r ,  and 
ash .  I t  i s  determined by d i f f e r e n c e  and is  expressed  a s  a  
p e r c e n t a g e .  

Ul t ima te  a n a l y s i s .  An u l t i m a t e  a n a l y s i s  of  c o a l  d e t e r m i n e s  t h e  c o n t e n t s  of 
t h e  e lements  ca rbon ,  hydrogen,  s u l f u r ,  n i t r o g e n ,  oxygen (by d i f f e r e n c e ) ,  
and ash .  These q u a n t i t i e s  a lways  t o t a l  100 p e r c e n t .  

Carbon. Carbon i s  determined by c a t a l y t i c  b u r n i n g  i n  oxygen and t h e  
subsequent  measurement of t h e  amount of  ca rbon  d i o x i d e  formed. 
T o t a l  o r g a n i c  carbon is  e q u a l  t o  t h e  t o t a l  ca rbon  c o n t e n t  l e s s  t h e  
c a r b o n a t e  carbon.  T o t a l  ca rbon  i n  a  sample is  g r e a t e r  t h a n  t h e  
f i x e d  carbon c o n t e n t .  

Hydrogen. Hydrogen i s  determined by c a t a l y t i c  burn ing  i n  oxygen and t h e  
subsequent  measurement of t h e  w a t e r  formed and absorbed by a  
d e s i c c a n t .  

S u l f u r .  T o t a l  s u l f u r  i s  composed of p y r i t i c  ( o r  s u l f i d e ) ,  o r g a n i c ,  and 
s u l f a t e  forms.  P y r i t i c  s u l f u r  i s  combined w i t h  i r o n  i n  t h e  
m i n e r a l s  p y r i t e  and m a r c a s i t e .  P y r i t i c  s u l f u r  i s  u s u a l l y  t h e  most 
abundant form i n  c o a l s  and i t  i s  c h i e f l y  r e s p o n s i b l e  f o r  acid-mine 
d r a i n a g e .  Organic  s u l f u r ,  which is t y p i c a l l y  t h e  most abundant 
form i n  Alaskan c o a l s ,  i s  bonded t o  t h e  carbon s t r u c t u r e .  S u l f a t e s  
form mainly  by wea the r ing  and commonly i n c l u d e  ca lc ium and i r o n  
v a r i e t i e s .  The t h r e e  methods u s u a l l y  used  f o r  s u l f u r  
d e t e r m i n a t i o n s  a r e  Eschka, h igh- temperature  combustion,  and 
bomb-washing . 

Nit rogen .  Ni t rogen  i s  determined t y p i c a l l y  by a  chemical  d i g e s t i o n  w i t h  
t h e  c o n t a i n e d  n i t r o g e n  conver ted  t o  ammonia by t h e  Kjeldahl-Gunning 
method. 

Ash. Ash i s  determined d u r i n g  t h e  proximate  a n a l y s i s ,  b u t  a l s o  forms a n  - 
i n t e g r a l  p a r t  of  t h e  u l t i m a t e  a n a l y s i s .  

Oxygen. Oxygen i s  e s t i m a t e d  by d i f f e r e n c e ;  t o t a l  ca rbon ,  hydrogen,  
s u l f u r ,  n i t r o g e n ,  acd a s h  a r e  s u b t r a c t e d  from 100 p e r c e n t .  



Major-oxide composition -- of ash. Hajor oxides include Si02, A1203, Fe203, 
Ti02, CaO, MgO, Na20, K 0 ,  P 0 and SO These compounds typically 2 2 5'  
compose over 99 percent of coal ash. 3 ' 

Trace elements in coal and - - coal .- - - - - ash. - - Trace element analysis is of importance 
due mainly to environmental concerns attendant to coal mining and 
utilization. The number of trace elements determined varies. Among the 
most important are arsenic, beryllium, boron, cadmium, chromium, cobalt, 
copper, fluorine, gallium, germanium, indium, lanthanum, lead, mercury, 
molybdenum, nickel, selenium, thallium, titanium, uranium, vanadium, 
yttrium, and zinc. Common analytical equipment used for trace-element 
analysis include atomic absorption, spark-source mass spectrophotometry, 
X-ray fluorescence, and neutron activation. 

Fusibility of ash (OF). Ash-fusibility temperatures vary with the character 
of coals, particularly the ash content, and is less for low-rank coals. 
Among the types performed are either a 3-point or 4-point (reducing 
atmosphere only) ash fusibility. The melting temperatures and 
deformational changes of an ash cone are measured at various stages. In 
the 3-point test, temperatures are measured at the point of initial 
deformation, softening point, and fluid stage. In the 4-point test, an 
additional measurement is taken at the hemispherical stage, as follows: 

Point of initial deformation. The tip of the ash cone begins to deform. -- 
Softening point. The point where the ash cone height is equal to % its 

width. 
Hemispherical stage. The point where the ash cone height is equal to 

its width. 
Fluid temperature. The point indicated by the spreading out of the 

completely melted ash cone into a flat layer. 

Free-swelling index (FSI). -- FSI is a measurement obtained by the rapid 
heating of a coal sample in a nonrestraining crucible. It ranges from 
zero to nine, with noncaking and nonswelling coals being zero on this 
scale. The FSI gives an indication of the caking characteristics of a 
given coal. 

Hardgrove grindabilit~index -- (HGI). HGI is a measurement that peaks in the 
bituminous ranks and is less for lignites and anthracites. 
Intermediate-rank coals are softer and easier to grind, whereas lower 
and higher rank coals are more difficult to grind and hence have lower 
grindability indexes. The grindability index is calculated by measuring 
the quantity of -200 mesh fine coal produced at different moisture 
levels, that is, at two or three temperatures. The relative ease cf 
pulverization is compared to a standard coal having an HGI of 100. 

Coking and metallurgical potential. ---- Coking and metallurgical potentials 
refer to the degree to which coals swell, fuse, and run together to 
produce a strong coke substance under certain specified conditions. 
Coking or caking coals are the most important of the bituminous coals 
because of their suitability for the production of coke for 



m e t a l l u r g i c a l  u s e s .  Coking c o a l s  a r e  t y p i c a l l y  low-ash, low-su l fu r ,  and 
low- t o  medium-vola t i le  b i tuminous  r a n k .  

B .  Elements of Coal P e t r o l o g y  

P e t r o g r a p h i c  c h a r a c t e r i z a t i o n  of  c o a l  i s  used t o  de te rmine  i t s  maceral  
composi t ion and u l t i m a t e  s u i t a b i l i t y  f o r  a  p a r t i c u l a r  purpose .  The con- 
c e n t r a t i o n s  and r e l a t i v e  p r o p o r t i o n s  of m a c e r a l s  de te rmine  a  c o a l ' s  q u a l i t y  
and energy v a l u e  and i t s  p o t e n t i a l  coking and m e t a l l u r g i c a l  p r o p e r t i e s .  
P e t r o l o g i c  d a t a  a r e  used i n  b l e n d i n g  v a r i o u s  t y p e s  of  c o a l s  f o r  making coke 
o r  f o r  o t h e r  i n d u s t r i a l  purposes .  I n  coa l -convers ion  t echno logy ,  f o r  
example, t h o s e  c o a l s  t h a t  can be most r e a d i l y  hydrogenated a r e  p r e f e r r e d ,  and 
t h e s e  a r e  u s u a l l y  c o a l s  h i g h  i n  l i p t i n i t e s  o r  t h e  hydrogen-r ich  macera l  
components. 

The o r g a n i c  components of c o a l  occur  a s  m a c e r a l s ,  which a r e  e s s e n t i a l l y  
analogous  t o  m i n e r a l s  i n  r o c k s .  The macera l  composi t ion of a  c o a l  though 
r e v e a l s  o n l y  a  p a r t  of t h e  o v e r a l l  p i c t u r e  because  of i t s  complex 
minera l -mat ter  c o n t e n t  and chemical  composi t ion.  Both s t r u c t u r a l l y  i n t a c t  
c e l l  w a l l s  and r e l a t i v e l y  u n s t r u c t u r e d  f i n e  g r a n u l a r  m a t e r i a l  ( f o r  example, 
m i n e r a l  m a t t e r ,  fragmented c h a r c o a l ,  and f u n g a l  d e b r i s )  a r e  obse rved  when 
examining a c o a l  m i c r o s c o p i c a l l y .  Although t h e  macera l  compos i t ions  u s u a l l y  
r e f l e c t  changes i n  t h e  pr imary v e g e t a t i o n a l  t y p e s  forming t h e  c o a l s ,  
p o s t d e p o s i t i o n a l  e f f e c t s  may remove l e s s  r e s i s t a n t  ~ a c e r a l s  a s  l i p t i n i t e s  
from t h e  assemblage.  The p l a n t  m a t e r i a l s  a r e  s u b j e c t e d  t o  d i f f e r e n t  
c o c d i t i o n s  b e f o r e  and a f t e r  t h e i r  b u r i a l  b e n e a t h  a  sediment  cover .  The 
changes t h a t  occur  i n  t h e  c o a l s  a r e  r e f l e c t e d  i n  v a r y i n g  macera l  compos i t ions  
and u l t i m a t e l y  i n  t h e i r  p h y s i c a l  and chemical  q u a l i t i e s .  

There a r e  t h r e e  major macera l  g r o u p s - - - v i t r i n i t e ,  l i p t i n i t e  ( o r  
e x i n i t e ) ,  and i n e r t i n i t e .  Most c o a l s ,  i n c l u d i n g  A l a s k a ' s  high-rank c o a l s ,  
a r e  dominated by a  l a r g e  pe rcen tage  of  v i t r i n i t e  and minor l i p t i n i t e  and 
i n e r t i n i t e .  

The i n e r t i n i t e s  a r e  d e r i v e d  from t h e  same g e n e r a l  components a s  
v i t r i n i t e s ,  b u t  they  have been s t r o n g l y  a l t e r e d  and degraded i n  t h e  p e a t  
s t a g e  of  c o a l  f o r m a t i o n ,  f o r  example, f o s s i l  c h a r c o a l .  The i n e r t i n i t e s  have 
t h e  h i g h e s t  r e f l e c t a n c e s  o f  a l l  m a c e r a l s .  They u s u a l l y  compose 5-15 p e r c e n t  
of  most c o a l s ,  and c h a r a c t e r i s t i c a l l y  f l u o r e s c e  when e x c i t e d  by u l t r a v i o l e t  
l i g h t .  They have t h e  lowes t  carbon and h i g h e s t  hydrogen c o n t e n t s  of  a l l  
macera l s .  

The l i p t i n i t e s  a r e  d e r i v e d  mainly  from t h e  waxy and r e s i n o u s  p a r t s  of 
p l a n t s  such a s  s p o r e s ,  c u t i c l e s ,  and r e s i n s ,  and have t h e  lowes t  r e f l e c t a n c e s  
of a l l  m a c e r a l s .  They compose from l e s s  t h a n  f i v e  p e r c e n t  i n  most c o a l s  up 
t o  40 p e r c e n t  i n  some c o a l s .  They do no t  f l u o r e s c e  i n  u l t r a v i o l e t  l i g h t .  
They p o s s e s s  t h e  h i g h e s t  ca rbon  and lowes t  hydrogen c o n t e n t s  of  a l l  macera l s .  

Macerals  -- of t h e  V i t r i n i t e  G r o u ~  - - - - - - - A - 

V i t r i n i t e  i s  a  group name t h a t  composes c o l l i n i t e  and t e l i n i t e  i n  
b i tuminous  c o a l s .  Because c o l l i n i t e  and t e l i n i t e  a r e  d i f f i c u l t  t o  



distinguish in reflected light, they are usually combined under the general 
term vitrinite. Telinite includes the cellular structures and collinite the 
structureless constituents of vitrinite. Corpocollinite, a variety of 
collinite, is sorcetimes distinguished in Alaska bituminous coals in two 
forms---phlobaphinite and pseudophlobaphinite. Phlobaphinites are primary 
cell infillings liberated as excretions from living plant cell walls, and 
pseudophlobaphinites are produced as secondary cell infillings from humic 
gels. 

Pseudovitrinite is a variety of vitrinite that differs in its 
reflectance (which is higher), its morphology (presence of cell structures 
and stepped boundaries, marked fissuration, and curved slit-like openings), 
relief (somewhat higher), and absence of pyrite. Pseudovitrinite has less 
coking power than vitrinite and it is sometimes inert (Stach and others, 
1982). 

Gelinite occurs in lower-rank coals as two main va r i e t i e s - - -po r ige l in i t e  
and levigelinite---that are often grouped simply as gelinite in higher-rank 
coals. Porigelinite consists of finely porous to granular gels originating 
from colloidal humic solutions. Levigelinite occurs as cavity fillings of 
shrinkage cracks, cleats, or root ducts. 

Vitrodetrinite is correlative with humodetrinite (including attrinite 
and densinite) of lower-rank coals that are usually combined under the 
general term vitrodetrinite in higher-rank coals. Attrinite consists of 
humic detrital particles and finely divided and mainly porous gels that are 
loosely packed and well differentiated from one another. Densinite consists 
of individual humic detrital particles and finely divided humic gels that are 
cemented tightly together. 

Macerals of the Inertinite Group --- 

Fusinite is a charcoal-like substance with a cellular texture. It is 
sometimes broken into small shards and fragments called bogen. 

Semifusinite has the same cellular texture as fusinite but is of lower 
reflectance. 

Macrinite is typically a minor componect that occurs as structureless 
ovoid or subangular bodies with the same reflectance as fusinite. They may 
have a globular appearance. 

Sclerotinite is formed of hard fungal remains and occurs as ovoid bodies 
with a cellular texture. 

Inertodetrinite is a clastic form of inertinite. It includes fragments 
of different inertinite macerals occurring as dispersed particles. 

Macerals of the Liptinite Group 
- . - -A 

Sporinite includes spore and pollen perines and exines that take the 
form of a flattened spheroid, with upper and lower hemispheres compressed 
until they come together. 

Alginite includes rare algal remains that fluoresce with a brilliant 
yellow color in ultraviolet light. 



C u t i n i t e  i n c l u d e s  c u t i c l e s  of l e a v e s  and s tems.  It o c c u r s  a s  long 
s t r i n g e r s  t h a t  have one f a i r l y  f l a t  s u r f a c e  and one t h a t  i s  c r e n u l a t e d .  

R e s i n i t e  i n c l u d e s  r e s i n s  and p l a n t  s e c r e t i o n s  o c c u r r i n g  a s  ovoid  b o d i e s  
o r  f i s s u r e - f i l l i n g  m a t e r i a l .  

E x s u d a t i n i t e  i s  secondary ' r e s i n i t e '  o c c u r r i n g  i n  vein-form, jo i .n t  
f i l l i n g s ,  o r  o c c a s i o n a l l y  i n  empty c e l l  lumens. 

S u b e r i n i t e  i n c l u d e s  c o r k  c e l l  w a l l s  t h a t  a r e  mainly d e r i v e d  from bark  
t i s s u e s .  

L i p t o d e t r i n i t e  c o n s i s t s  of  f i n e l y  d e t r i t a l ,  u n i d e n t i f i a b l e  l i p t i n i t i c  
c o n s t i t u e n t s  of  ex t remely  s m a l l  p a r t i c l e  s i z e .  


